
f nHaval
"Engineering

Cenler
philadelphia

r

FOUNDATIONAL RESEARCH PROGRAM

IN

OP NAVAfo BST AVAILABLE COPY



NOTI CE

Discussions concerning arY commercial products in this publica-

tion do not constitute an endorsement by the Government, nor

are they intended to convey or imply the license or right to

use such products.

Reviewed and Approved

A. H. C;LAN..Y, JR.

Commandin g C€fr "r
) D. August 1



I

Jr U. S. NAVAL AIR ENGINEERING CENTER

I.
FOREWORD

A Foundational Research Program was initiated at the U. S. Naval Air
khgineering Center by the Bureau of Aeronautics in May 1959 and has had
continued support by the Bureau of Naval Weapons. The Program supports
the Navy's general policy that Research and Development Activities
directly control a portion of their research capacity to exploit new
ideas related to their fields of interest.

At the NAVAIRENGCEN, Foundational Research is defined generally as

research to develop knowledge useful in the current and future development

of systems, weapons, and components; to establish the feasibility of
applying new ideas; or to foster the creative productivity of the Center
Staff in military problems. Normally, this research includes basic

and applied research up to the stage of indicating that normal development
and application may be successfully undertaken. However, no restrictive
or ironclad definition of research has been indicated or even considered
desirable.

The Foundational Research Program endeavors to provide:

1. A stimulating research and development atmosphere conducive
to the formulation of new concepts and ideas;

2. Continuing programs of research which will establish a
reservoir of knowledge that can be drawn upon for the solution of
immediate and long-term naval air problems;

3. Opportunities for preliminary investigation of the more
speculative problems unsuitable for study under specific task assignments;

4. Flexibility of operation which will enable programs to be
started or stopped as deemed appropriate by NAVAIRENGCEN.

This r-eport gives a brief summary of each task undertaken during
Fiscal Year 1995. Of the twenty-six tasks in progress during Fiscal Year
1965, twenty-five have carried over into Fiscal Year 1966.

-A. H. C'ANCY, JR. ,/ SN
Commanding Offices/V
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RESEARCH ON THE STATICS AND DYNMICS OF zJiDS

FRIEDRICH 0. RINGLEB

BACXMROUND.

Former investigations under the same title (see reference _/)
dealt with the following topics: Studies on vortex motion, flow con-
trol by standing vortices, air' flow over the deck of an aircraft
carrier, control of stack gases using standing vortices, flow over
blast deflectors, the geometry of flow in general and others. A result
of the early studies on vortex motion was the development of the three
dimensional smoke tunnel of the Naval Air Engineering Laboratory, which
served as a powerful research instrument for most of the later investi-
gations under the FoundAtional Research Project No. 1.

OBJECTIVES.

The successful solution of problems, as discussed in the foundational
research reports 1963 and 1964, automatically lead to new problems and
investigations, which formed the objectives for the foundational research
project No. 1 during the year 1965. Particular attention was paid or
intended to pay to:

(1) Continued investigations on carrier airflow,
(2) study of scale effects influencing the streamline patterns

of smoke tunnel observations,
(3) flow visualization in water by dyed longitudinal vortices,
(4) flow visualization in two phase flow, and,
(5) studies of air entrainment in water.

ACCOMPLISHMENTS.

(1) Control of airflow o',er an aircraft carrier.

The three dimensional smoke tunnel provided the possibility of
studying the airflow over an aircraft -arrier, and esaecially of finding
the origin of the dangerous air disturbances met by landing aircraft near
the stern - called the "burble." The moving carrier influences the air
above the water like a low aspect ratio air pl.ne wing influences the air
beside the fuselage. Dn general, a wing tip vortex forms, which results
in a rotation of the air on the down stream side of the ship, unless the
aerodynamic angle of attack between the ship and the air flow is zero.
In the latter case, the distortion of the airflow over the carrier is
smallest. The flow is then similar to the almost parallel flow over a
ridge. It is this case which yields the most favorable conditions for
landing aircraft.

- . _ -- _ _ _ -. .
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In order to obtain this case, the landing operation mu'st be carried
out under zero aerodynamic angle of attack between the carrier and the
resulting airflow over the carrier. This can be achevý-i y turni"g tne
island into a direction in which the wind, which 's assumed to be parallel
to the axis of the canted deck, forms a zero aerodynaric angle of a- tack
with the ship. Smoke tunnel observations show that the nose of the
island must be turned about one half of the angle between the ship axis
and the axis of the canted deck, tovard the canted deck axis in order to
obtain the proper position (see Fig. 5).

In order to demonstrate this amazingly simple solution of a
particularly serious problem of Naval Aviation, a simplified streamlined
aircraft carrier model is shown in the three dimensional smoke tnnel
(see Figures 1 through 4). The streamlining, esecai.ly of the island,
clearly shows the essential features of the overal f1. not disturbed
by the confusing influences of many little protuberances. Fig'ure I
shows the carrier airflow under a wind direction wi~n .s about parallel
to the axis of the canted deck. Here the isisand has th-e conventional
position parallel to the ship axis. The airflow :wr.ntream of the
island shows the effect of the wing tip vortex. The a,'- is rotating
around a horizontal axis. This can be recognizea by observing the smoke
lines incoming from the left within a vertical piqe .e Lnder an angle of
about 110 with the symmetry plane of the carrier '" Dc'.mtrea of the
island these streamlines become spirals, and wind around the core of the
wing tip vortex (shown in Figure 2) by Titani,m tetrachloride smoke
emanating from the wing tip. The figures 3 and 4 c-rrespond to the Figures
1 and 2. However, the nose of the island has now been turned (about 50)
toward the canted deck axis ,until the wing tip vortex disappeared, and
the flow over the deck became almost undisturbed. The veil of smoke seen
in Fig. 4 indicates the wake of the island.

This method of rznmoving a severe distarbance of the airflow near
the stern has been accepted by BuShips for application at the new carrier
CVA-68. Its island will h.ave a vertioal plane of synetry Under a non-
zero angle with the ship axise. It also will have a riunded nose in oder
to reduce the widt' of its wake, schematicai v :!hw ir. FIgure 5 (compare
also refere-(e _ ')

The results o! these investigations will be presented by the principal
investigator uuder thE title "Effects of the Configuratior. of an Aircraft
Carrier on Starti.ng and Landing Aircraft", at the F hAnnfial National
Conference or. a.virK .. ental Effects .- Aircral. and Prj &si-r. Systems at
Princeton, N. J., Septerber 1)65.

(2) Scale effets o.r- streamline patterns.

It nas been 4uerto:.i frequently whether the mcde- observations IL
the smoke t!,'nc" ,'r a rather zod•erate Reimli :.i"Xe: :x-nvev a true
picture of the flow ýorrespionding to a vret" high RenT.olds number, as in
the case uf thc aIrflow over an aircraft carrier. Sinze this quest' n is
important to the application of almost all smoAe tunnel otservations,
it has been made tme objective of a separate experimental and thforetical
study. In particular, the question has been studed Jn how far the pattern
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of the streamlines of a viscous flow depends on the scale. Theoretically,
it can be shown that there exist steamline patterns of real, i.e. viscous,
fluid flows which are independent of the Reynolds number. For instance,
in a two-dimensional duct whose boundaries are two of the streamlines

- constant

where

(1, poia' coordinates, A, B, C constants) and //0is a function of t,
which satisfies a special differential equation of fourth order and proper
boundary conditions, the streamlines (logarithmic spirals) do not change
with the Reynolds number. In the case of other solutions of Navier-Stokes
equations they do, depending on the circumstances. A paper discussing
such solutions is being prepared.

In the following, some examples of an experimental investigation of
the same question are included, cons:.sting in a comearison of the stack
gas patterns of the CVA 59 (Forrestal). Figures 6 and 7 show two corre-
sponding stack gas p1tterns-fu.l scale and of a smoke tunnel model.
Figures 8 and 9 show two other corresponding patterns. These examples
demonstrate sufficiently, that under certain circumstances and by proper
scaling of the boundary conditions, full scale properties can be predicted
very well from smoke tunnel observations at much smaller Reynolds numbers.

F A paper containing the details of this investigation is also being

prepared.

(3) Water tunnel for flow visualization.

It was intended to develop and construct a gravity water tunnel for
flow visualization, somewhat similar to that of Office National D'Etudes
et de Recherches Aerospatiales in Paris, but with increased performance
on the basis of the smoke tunnel experiences. Due to sickness of the
principal investigator for about three quarters of a year, this project,
the project on visualization of two phase flow, and the study on air
entrainment in water, had to be postponed for a considerable time. These
projects are now underway and will be continued during 1966.

FUVI PLrANING.

f In additicn to the projects on flow visualization in water and in
two-phase media, also theoretical studies on cavitation, air entrainment
and air lubrication are planned, depending on the progress of the flev
visualization studies in water.

REFEREMCES .

1_/ F. 0. Ringleb, Research on the Statics and Dynamics of Fluids, The
Foundation Research program at the Naval Air Engineering Center,
Philadelphia, Pa., August 1963 and August 1964.

|_/ D. Johnson, Airflow investigations on Model Aircraft Carriers,
Royal Aircraft Establishment (Bedford), Technical Note No. Naval 59,
June 1963.
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"MECHANISM OF THE LUBRICATION OF METAL SURFACES WITH SOLID FILMS

MARTIN J. DEVINE

BACKGROUND.

- The operating environments for space vehicles and missiles include:
nuclear radiation, low pressures, oxidizing media and temperatures rang-
ing from epproximately minus 460OF to plus 28OOF. Analysis of lubrica-
tion research being conducted by Government and industrial laboratories
covering greases, oils, gases and solid films indicates that the inor-
ganic solid films developed by the Aeronautical Materials Laboratory
(AML) offer the greatest potential for solving many problems of space
lubrication. Tt should be noted that a hydrodynamic component exists in
the mechanism of lubrication for oils, greases and gases. Accordingly,
existing rheological theories can be utilized effectively for many de-
sign purposes involving these lubricants. Since viscosity is not asso-
ciated with solid films such theories cannot be applied. Further, many
factors which characterize important parameters basic to solid film lu-
brication have been uncovered only recently. These factors include:
lubricant particle size, metal pretreatment, lubricant-bearing reactiv-
ity and surface asperities. To date, there is no complete quantitative
definition relating the effectiveness of the solid film lubricant to
these factors.

The specific aim of the program is to determine the mechanism by
which metal surfaces are lubricated by solid films and to provide a de-
finitive working theory.

OBJECTIVES.

Based on current Aerospace Industries Association estimates for
space vehicle lubrication needs by 1970, and also on inquiries from mis-
sile manufacturers and bearing -ompanies concerning solid film lubri-
cants, it is considered that inorganic solid films may be the only satis-
factory lubricant for many of the applications to be encountered. Ac-
cordingly, the results of a program which provides the physico-chemical
mechanism of lubricicy for solid films would accelerate the design of
the optimum iubricar.-bearing system. The work to be carried out under
the program is to establish and define principles and scientific laws of
solid film lubrication, and aid in establishing th'e basic technology of
solid film lubrication.

ACCOMPLISHMENTS.

As a result of studies per~ormed from the -iginning of this project
to the last annual report (30 June 1964), a number of scientific accom-
plishments have been achieved: e.g. (1) the reservoir theory for solid
lubricants was postulated and established; (2) the interdependence con-
cept for lubricant, bearing geometry and bearing composition was defined;

-0-
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and (3) the synergistic effect for molybdenum metal and metallic sul-
fides was established. In addition, the effect of vacuum-temperature
environment was explored for inorganic solid films. I

Exploratory work conducted since I July 1964 has continued in four
areas in an effort to provide a range of information pertinent to solid
film mechanism and characteristics. This work is summarized as follows:

I. The study of internal and external changes for solid film lu-
bricants under dynamic conditions of wear. A motion picture utilizing
a stroboscopic technique provides for visual observation of blister
formation and rupture in bonded solid film lubricants and burnished lu-
bricating films.

2. The effect of liquid abrasion in the preparation of metal sur-
faces for solid lubrication. Five different grit compositions covering
a wide range of particle size were employed to study the effect of wear
characteristics for solid lubricants.

3. Experiments to determine the possibility of establishing a
general equation to describe wear of solid lubricants and the contribu-
tion exhibited by the different phases of the wear process.

4. Wear characteristics at cryogenic temperatures.

Since the laboratory program covering the latter research area has
been completed, details are provided below. Extensi"e data has been ob-
tained for two of the remaining three areas; however, additional experi-
ments will be required to project the findings. A detailed report
will be prepared upon completion of test runs.

A. Solid Film Characteristics - Cryogenic Temperatures. It has
been shown that cryogenic fluids exhibit lubricant capabilities for
bearing systems with a short term operating interval. The limitations
of such fluids in maintaining extended performance were established by
using liquid oxygen as Lhe source of lubricant in Experiments conducted
by AML, and in low temperature motor operation using liquid nitrogen in
tests initiated by Naval Research Laboratory Accordingly, it was con-
sidered necessary to develop knowledge covering the wear life and fail-
ire process for inorganic soild film lubricant exposed to sliding and
rolling bearing surfaces at temperatures in the range of liquid helium.

I. Ihe operatior of a motor cooled to cryogenic temperatures
requires a lubricant material exhibiting a minor or zero change in vis-
cosity with decrease in temperature, which eliminates the use of known
fluid or grease lubricants. It should be noted that the miniature ball
bearings associated with a synchronous motor were designed specifically
for conventional oils or grease. An analysis of the operating environ-
ment and bearing geometry imposes the following requirements on the lu-
bricant:
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a. No deterioration when subjected to extremes of tempera-
ture producing different dimensional characteristics for the substrate.

b. Provide extremely low torque values over a temperature

range from -450OF to 770F.

c. Resistant to mechanical abresion.

d. Minimize friction and wear.

e. Capacity for being deposited in a thin adherent film.

2. It was also considered important, ba 'd on economic con-
siderations, to explore a lubricant system comritible with the Available
miniature bearings. An inorganic solid film lubricant deriveo from
Na2 0:SiO2 (1:2.90) binder and lubricating solids composcd of molybdenum
disulfide and graphite, was selected for the initiai runs. This libri-
cant was the subject of a previous study and was found to exhibit the
following characteristics: thermally stable from -300OF to ÷IOOOOF at
760 mo. Hg, resistant to nuclear radiation (gamma dosage = 5 x 109r),
compatible with liquid oxygen and stable in the high-vacuum region.

3. In preparing the lubricant, MoS 2 powder and graphite powder
are mixed in a beaker. While stirring the mixture thoroughly water is
added slowly. Continue addition of water, stirring to insure complete
wetting of the powder mixture, until a pourable slurry is obtained.
(Note - An excess amount of water will result in separation. if separa-
tion is observed, the mixture should be discarded and a second prepara-
tion using fresh constituents started.)

4. The pourable slurry is added to sodium silicate solution
with stirring to obtain a uniform sprayable mixtare.

5. The means devised to utilize solid film lubricants in bill
bearings consisted of:

a. Disassembling the miniature ball bearing.

b. Applying the solid film to retainers and races.

c. Curing the solid film.

d. Reassembling the bearing.

6. The assembled bearing is then subjected to rotation at
several hundred rpm. Loose adhering particles of lubricant are removed
by subjecting the internal areas of the bearing to a stream of nitrogen
gas. The solid film lubricated bearings were then placed in the motor
assembly and subjected to the low temperature-vacuum environment. The
successful performance of the test bearings, as reported herein, further
establishes the capabilities cf solid lubricants for antifriction bear-
ings.



7. The utilization of solid film lubricants in high speed
miniature ball bearing applications is a relatively recent advance in
the science of lubrication. Accordingly, not enough is yet known
about the wear pattern encountered with such lubricants in ball sliding
and rolling. Oxidation or other chemical degradation of liquid lubri-
•.nts is a frequent cause of failure of oils and greases; however, the
inorganic lubricating solid present in the solid film under investiga-
tion is, by comparison, more oxidation resistant and thermally stable.
Therefore, it is hypothesized that ball bearing failure is due to the
removal of the solid film by the continual rubbing action of the ball
in contact with the lubricated surfaces. Prior to break-in, the lu-
bricant film has a dull bluish-gray appearance; after break-in, the
surface assumes a shiny metallic appearance in the wear zones of the
ball-race and ball retainer contact. This difference is shown in
Figure 1. Eventually a complete removal of film by mechanical action
allows metal-to-meta: contact, resulting in failure of the bearing as-
sembly.

8. The first set of tests were made with MoS 2 , graphite and
sodium silicate lubricated miniature bearings that had only a nominal
0.0008 inch clearance. The tests were successful in showing that the
bearing would operate, and by careful selection, would run continuously
in excess of 160 hours in liquid nitrogen.

9. Since the internal radial clearance of the test bearings
ranged from 0.0001 - 0.0008, it was considered that significant limita-
tions would result for solid film lubricant performance.

10. Miniature bearini having a 0.0008 inch radial clearance
were then obtained for additional rans. This reduced the rejection rate
from 3 out of 4, to less than 1 to 10.

11. Continuous life tests on the latter bearings gave results
in excess of 400 hours under the same test conditions. Lubricant

deposition technique improvements provided for continuous operation in
excess of 700 hours. At this point, the test procedure was changed to
provide temperature cycling and to simulate on and off operation. In
one long term cycling Lest, 900 runninj hours were obtained.

SUMMARY.

A. Publications - Thirteen technical publications and five reports

have been completed to date:

"Inorganic Solid Film Lubricants," Journal of Chemic•a and Engineering
Data, Vol. 6, No. 1 (Jan 1961)

"Dry Film Lubricants Research," Bureau of Naval Weapons Bulletin No. 3-60

"The Lubrication of Ball bearings with Solid Films," Amirican Society of

Mechanical Engineers ASME 61-LUBS-11, May 19ol

Vu hmW mEu - - -- - - . - - w



BEFORE BREAK -IN

AFTER BREAK-IN

SURFACE APPEARANCE OF INORGANIC SOLID FILM LUBRICANT
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"The Effect of the Chemical Composition of Metals and Lubrication by
Solids," American Chemical Society Publication, April 1963

"Antifriction Bearing Design Considerations for Solid Lubrication,"
American Society of Mechanical Engineers ASME 63-MD-43, May 1963

"Naval Air Material Center Lubricants Research" (Motion Picture),
Nov 1962

"Solids and Solid Lubrication," ASLE, 12th Annual Lubrication Course,
Mar 1964

"Molybdenum Disulfide Diester Lubricating Greases," Journal of the
National Lubricating Grease Institute, Vol. XXVII, No. 10 (Jan 1964)

"A Review of Aerospace Bearing Research," USAF-SWRI Bearing Conference,
Mar 1964

"Naval Air Engineering Center's Solid Lubricants Program," BUWEPS
Bulletin

"Aromatic Polyimide Compositions for Solid Lubrication" Luorication
Engineering, Vol. 20, No. 6 (Jun 1964)

"Solids and Solid Lubrication" Lubrication Engineering (Jan 1965)

AML Report No. NAMC-AML-RS-7045/7, 15 Dec 1959, Mar 1960, Jun 1960,
Sep 1960, Dec 1960

B. Presentations - Twenty-four technical presentations, each by
invitation, have been made to sixteen technical societies.

C References by Other Investigators - Over 1O0 references to the
work under this program are contained in various technical reports,
papers, journals, etc.

D. Reviews of Program - Work in this program, has been the subject
of eighty reviews by technical publications, angineering liteiature, etc.

E. Requests for Reports - The interest of the military, industry,
universities, etc., in this work is shown by their requests for copies of
progress reports, publications, etc. Approximately 350 organizations
have received these reports, including twenty in foreign cou-itries.

FUTURE PLANS.

Laborator'; work to be conducted in the near future wilt include:

1. Characterizing surface effects (chemi.ai and physical).



I
2. A study of basic relationships for chemical reactivity, crystal

i properties, physical constants and lubricant wear characteristics.

3. Factors pertinent to lubricating effects for self lubricatingi solid sections: e.g., mechanical stability and wear rate.

i
!
I
I
I
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THE ROLE OF OXYGEN IN THE BRITTLE FRACTURE OF METALS

EDWIN S. TANKINS AND MARSHALL K. THOMAS

Backitround.

A considerable amount of discussion concerning the thermodynamic proper-
ties of dissolved oxygen has been presented in recent reportsl/ 2/

Previous and forthcoming publications contain detailed descriptions of
the apparatus and associated electrical system,31 4/ 5/ 6/ and the
method of gas analysis.?/

As a result of a joint effort between E. S. Tankins and Prof. G. R. Belton,
Metallurgy Department, University of Pennsylvania, a paper was recently
submitted 8/ which describes a model that appears to predict the thermo-
dynamic behavior of dilute solutions of oxygen in liquid metals. It will
take awhile to analyze all the systems, but in all the checks made, the
agreement is excellent between the predicted and the experimental
results. It appears that the model will make a significant contribution
to the solution theory, and will enable metallurgists to make reasonable
estimates o' thermodynamic properties of the systems of interest to
them.

The thermodynamic studies are important in understanding the activity of
o~xygen in solution and being able to control the oxygen in solution.
Specimens with controlled oxygen can be subjected to a series of tests,
which will enable the researcher to understand what is happening in the
metal.

Within the last few years, there has been considerable interest in the
deformatior mechanisms of the body centered ct-bic metals. They are
characterized by an increasing strength and strain rate sensitivity with
decreasing temperature, and a characteristic tr&nsition te; ,-erature from
ductile to brittle bebavior. Interstitial impurities also have a
significant effect on this transition temperature.

These basic mechanisms are all related to each other, and several models
have been propcsed to explain the low temperature strength char-tcter
istics of the bodv centered cubic metals. At the present time, either
the Peierls-habarro Force or the nonrconser-.etive met icrn if i-gs is
considered the rate contrillinR mechanism for plas'ic deformratior.

Within the last year, the rle of the interstitials in týe defor-'.:ion
and fracture pro'ess in bod- centered c-jbic metals '-As been stsdied -,At
the Aeronautical haterials Laboratory •v investirating the correlatior

- between interstitial content (oxygen, nitrogen. and carh-on' and streng!!ý
in high purity zone refined crystals of Cb and Ta of controlled

RC 0 ""W"



orientation, given different zone refining treutments and impure poly-
crystalline Cb and Ta. Testing was accomplished over a range of
temperatures from 40 K to 6OOK in simple tension.

In addition to strength, the activation volumes and activation energies
were also meacured by strain rate cycling at a constant temperature and
thermal cycling at a constant strain rate. The equation for calculating
the activation volume is developed by first considering deformatior in
terms of a thermally activated process, where a dislocation overcomes
an energy barrier by a combination of applied stress and thermal
acLivation. This can be expressed by an Arhenius equation:

I (H - V* 7Ta)/kT
= Ae

• = Strain rate
a = Applied shear stre.s
H = Activation energy

V* = Lbd = activation volume
A = Frequency factor

Differentiating the above equation with respect to at a constant
temp 4;erture and assuming no change in the energy barrier as a function
of "R, the following expression is derived for determining the
activation volume:

a1 - 2

Differentiating the above expression in respect to T At a constint strain
rite and assuming no change in ýhe energy r 'er

;'. {il~ - °I2"7•l)

1-2 '1

The results of this study of the acivation volume, activation energy and
deformation behavior are in gcad agreemnt with those of other
investigators nd ire discussed in more detail in a paper t, be submittf-d
for poblica,.n. -9,_

Utýtect ive.

une objective will be to find a word-hIle model which will permit reason
able estimates to be made of the thermodynamic properties of dilute
constituonts in multicomponent sv\terrs: the primarv objective -)f the
vr,4ect is to determine the effect of oxygen on the brittle fracture
chjracteristics of iron. columbium, tintalum, molvbdenun, and tungsten.
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The information obtained will aid in expanding existing models or develop
new models which will explain how interstitial elements such as oxygen
affect body centered cubic elements and lead to brittle properties. The
project is also concerned with fractographic studies which will give
3ome correlation between gas conten , orientation, and the fracture
surface. The over-all purpose is to gain a clearer insight into why
metals are brittle in tLh presence of such impurities as oxygen.

Accomplishments.

The accomplishments prior to 31 July 1965 have been listed in detail in

earlier reports. 11 ii The important contributions in these reports are

the number of papers published, the overwhelming evidence that Henry's
Law is obeying all of the systems investigated, and that the existing
dilute soluticn models were not adequate to explain the experimental
results. T, model that is being proposed ý/ will reduce the existing
confusion.

Since 31 July 1965, the principal investigator has:

(I) Zone refined molybdenum, columbium, and tantalum in an electron
beam zone refiner which was designed and built by Mr. Marshall K. Thomas.
Columbium rods have been zone refined by induction heated zone refining

methods.

(2) Shown that there is a correlation between rate of speed in zone

refining, number of passes and gas content.

(3) Shown that there is carbon pick up with very slow speeds due to
back streaming from the diffusion pump.

(4) Shcwn a correlation between orientation and impurities on twinning

and work hardening.

(5) Participated in a round robin gas analysis of refractory hetals
for the Material Advisory Board.

(6) Submitt?d two progress reports.

(7) Been author or co-author of four papers presented during the year.

Published the following papers:

(8) E. S. Tankins, J. F. Erthal and M. K. Thomas, Jr., "The Thermo-
dynamic Properties of Dilute Solutions of Oxygen in the Liquid Binary Cu-Ni
Alloys," Jnl Electrochem Soc., 19b5, Vol. 112, No. 4, p. 446-450.

(9) E. S. Tankins et. al., "The Activity of Oxygen in Liquid Iron-

Molybdenum and Iron-Tungsten Alloys," scheduled for publication in the
ASM Transactions Quarterly, September 1965.

-19-
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(10) Submitted four additional papers for publication.

Future Planning.

During the next year, the emphasis will be on the zone refining of pure
metal and alloys. The mechanical properties of the pure material will be
studied. Then the pure metals and their alloys will be subjected to
controlled oxygen atmospheres and the mechanical properties as a function
of oxygen content will be studied. Single crystals of Cb and Ta have been
prepared of controlled orientations. These are being studied to see what
effect speed of zone refining and number of passes has on mechanical
properties. This will also allow us to see the effect of orientation on
mechanical properties. Plans are underway to run fractographic studies
on the various refractory metals that have been studied. Plans are also
underway to prepare Mo and W for the same type of studies.
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A STUDY TO DETERMINE THE OPTIMUM SYSTEM
FOR BOTH &JXTION AND NON-,JECTIOK TYPE SEAT DESIGN

FOR THE ATTENUATION OF HIGH G VERTICAL FORCES
WHICH RESULT FROM HIGH II*ACT LADI.(NGS OR CRASHES

CLIFFORD C. WOODWARD

BACKGROUND.

The problem of spinal injuries to pilot and aircrewmen as a result of
high impact landings has been well recognized for a number of years, and
is on the increase for both ejection and non-ejection type aircraft. It
is also a fact that various energy absorption devices are available to
attenuate these high G vertical forces-. However, today's aircraft are not
flying with energy absorption (E/A) built into the seates since there is
insufficient information concvrning the behavior of the msse tnder dy-
namic crash-type loads to determine the optimus "ymet and its proper de-
sign into the seat structure.

In order to obtaln that inform tion, this investigator proposed the
construction of a 150 ftt vertical drop tower, with a unique method of
arresting the seat and car through ehongation of fully annealed stainless
steel straps. The deceleration forces obtained would simulate essentially
a square wave pattern ireembling crush loads in magnitude and time duration,
and would provide r rltatlvei7 irexp ive method of obtaining reproducible
crash-type loads. The device was constructed at the Aerospace Crew Equip-
sent Laboratory (M1L> mud was c€olweed in Septswber 1"., with final
acceptance in January 19•2. The vertical drop tower, being of unique
design and construction, required ewtensive catibretion tests and tetab-
lishment of instrumentattn und photvgaphic setup and recording methods,
before the actual war on this project c-ould be Initleted% Following a
period of operation from acceptance of the drop tower until earL7 1964,
it became obvious tint the brakig- swyet vms liuLted, Alth h it did
provide the designed crashtyae toadtng- it did not provide the positive
control of acceleraton nd Mwar ation in sm t increments of G required
for conducting live drop tests efely on the tower. Witheat this eapabIl-
ity it was not posstble to determine the effects of vertieal lomdin." on
the human vertebray and to costelete between htona and anthropomorphtc
dumuies for extrapetatmon in the high G rigion where only dummies can be
utilixed. Therefore, in April 1"64, a contract was let to convert the
primary braking s@yt from thts mtilese steel strapi to one designed by
Van Zlam Associatsi -consisting of varti cminations of dies and metal
bending elements, •irs braking sWysm e4.-ow positives ContTol of acceier
ation and variation of G,-s in incrments as small as 1 G, from 5 G up to
50 G with the present drop car, and 100 G's with a redesigned car. Con-
trol is sufficient to allow live testing on this facility. The braking
device yes completed -and calibtation dftps mde, resulting in final accep-
tance in March 1965.

a.i To determine s•stems and materials that can be ieod meat effettvely
o attenuate to a totnruble limit the vertical forces imposed by high impact

landings or crashes, in both ejection and non-ejection type seats.
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b. To determilwrtha affuct, of various G Iloadingv on the human verte-
bra, and to show more clearly the mechaniumi risponsible for spinal injury.

c.* To determiow the correlation between nmmmis and anthropomorphic
dumies when subjected to crush forcewj for mztyrupoatlon in the high in-
pact region where only dumies can be utilized;

ACCOMPLISHMENTS.

A. Summry to I July 1964W A limited number of 20 G drop tests were con-
ducted, using the forner braking systu on ar WA' syutm designed by
Aerotherm Corporation for helicopter mind truaimpo'rt typv seating. P'erfoarm-
ance of the K/A syvtms was detarmined by drcgpt-ng two Identical seats at
the sam* time, one wtttm and one without thy, RA system inistalled. Results
indicated that the teat structure-was weak -in aeverl ILoad carrying members
which must be designed properly so that the K/A sytst will function.
However, this particular design to nvot an optimu sstem, as double the
static design load to required to start It voving,- due to inherent friction
and torsion in the swat umabers artt ttwm fvrce requi-red to overcome the
inertia of the maww, Approxiwat-ely 50. at lItieconds of crash attenuation
by the K/A system 11 sufficienrt to preclude bottomingW out-and coiwequent
overshoot of the bind Into tfe meat c'ccupant.

B. From I July 196 -to I JLLt§r Follroing tomprlution of the nww Vmr
Zola braking system In Siaptember 1164t a number of calibration drops were
conducted prior to- accup tancer %ae fasilre 'of a 40 G strap st-mment required
investigation and rmoltai in closer maturial cortrol, with a Later change
from black iron to fully annealed itainlows steel, Final acceptance of the
new braking systmn occurred in Mlarch 1965 following a fiinal 40 G calibration
drop.

An K/A system, consisting of a fuity vnnouted stuiwtua' stm - strep and
slider mechantem ar d~evigned for the M-113 vjuvtton sint- yer-mouted on
anF7U-3 seat and drop tootid an 5 ty l65 undota 35 G CLOW!condItion.
The seat and cam were futly Instruen Id The V/A systum iv so designed
to elongate and absorb uwrwy asoer 20 Ov A failare -of- vwo of the seat
c~ompni.to prevented satisfactory Wverstio of the Sat systm, As the
F77113 seat is obsoletv mid therefore difficu t to obftaIn, an A.4 Douglas
seat was substituted avid tihe syttmow itiwId for eamatitility. A 40 L,
drop was conducted 'on 17 Jmnu 165- thy rewults, us whwn in fig. 1, shtow
energy attenuation from 39 0, us rectnded on -the worticut rat.s, to 26 G
in -,he dummy~s chest cavity-, for a perfad of 46 williareconds uwvt I the K/A
system bottomed outv The crush loading yes applied foar a longer period of
time then that for which the myatom vas designed, to show the effect of L/,
while functioning arid when bottomed out-. The fluctuation of the Instrum~en-
tation trace recorded on the vertical rails is a result of the vibration
and flexure of the rails duringt deceleration, and cannot easily be elimi-
nated without losing performance date. Correlation with high speed photo-
graphic interpretaltion will perhaps supply the ainswe to better recording

analysis.

FUTURE PLANS.

During the next fiscal yeari it it planned tv deteruin, the V/A charac-
teristics of other sstems preently wavalable tor both ejection and wair
ejection type seat design for attenuating high G vertical forces. When



enough data has hewn -btatinod an ttre vurtoom' owttnds uld uweur wig -swal lk
ableg it should be powsblv then To duteustne-wwyetsm uhtch utti bout
perform the function of A/A In the-vartiws types of amst design, bothi ejec-
tion and non-ejectiurn- Ails, it to ptsuwed to %;cnduvt zu coontrolld'varies
of live end dumy drapv tqether at the lover deceleration 1`0sdu- to colre-
late for prediction a-vtu Twattonr at the iitsher C'r where orlyr duIn-es
can be used. The, affet -of -ttw weattlul crsuh- typo fuore on the human
spine, particularly tv ttm mck area; vill tm s atdi throughi high speed
pbotography for user i7t cush type W$*,Cti Widr dyM ulMuistiomn of human
response,



THE PERMEATION OF SALT WATER THROUGH ORGANIC PROTECTIVE COATINGS
USING RADIOACTIVE TRACER TECHNIQUES

ALFRED L. GLASS

Background

The Navy Department is conducting extensive research programs to develop
barrier materials and organic protective coatings for minimizing deterioration
caused by corrosion. Since organic coatings and barrier materials are mem-
branes, they may be permeable to air, water and various electrolytes in solution.
Therefore, the laws of diffusion and electroendosmosis may be involved in the
mechanism of permeation and the resultant corrosion. In order to develop more
efficient barriers and protective coatings, the mechanisms of permeation through
these films must be more fully understood. Previous investigations did not
determine the quantities of permeating materials, since they were either too
minute to be measured accurately by analytical chemical means, or were in forms
that did not lend themselves to ordinary analytical techniques. However, with
the advent of radioactive tracer chemicals and techniques, a direct approach
is available, in which micro quantities of a tagged chemical may be accurately
determined and even followed through processes under environmental conditions
similar to those that exist when such materials are in use.

Objectives

The specific aims of this program then are: (1) to use radioisotopes to
establish fundamental data on the mechanism of salt water permeation through
organic protective films; (2) to investigate the effect of incorporated resins,
pigments and corrosion inhibitors on the permeation; and (3) to apply the radio-
active tracer techniques to obtain accurate fundamental data concerning protective
coatings used by the Bureau of Naval Weapons.

Accomplishments

A. Prior to 30 June 1964

Radioactive tracer procedures have been developed and evaluated for
measuring the rates of diffusion of the chloride ion, sodium ion and water
molecules through membranes.-/.i'•1

Employing these methods, determinations of the rates of diffusion of

these ions and water were made for eight films representing typical protective
coatings arl barrier materials used by the Bureau of Naval Weapons for corrosion
protectiof . Experimental work was performed to investigate the effect on ionic
diffusion of various factors, such as the concentration of sodium chloride in
solution and the thickness of the film. A detailed analysis of all the diffusion
data indicated that an additional factor beside pore diameter and size of hydrated
ions is involved in the mechanism of diffusion through a membrane. This factor
is the concept of ionic charges appearing upon the walls of the oores of a mem-
brane as a result of the hydrolysis of certain groups which are a pert of the
polymer molecule. Thus, a membrane can be perm-selective in that ions of the
same charge as that on the walls of the pores are prevented by electrical repulsion

~ I -'•
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from permeating through the film, allowing only the ions of opposite charge
to pass through. It was further demonstrated that the permeation is charac-
teristic of a Fickion diffusion process for which the simplified equation
q DAt is applicable, where:

I

q = the quantity transferred in tinm t
D = the permeability constant (diffusion coefficient, g. hr 1 , sq.cm , mi l1)

A is the cross sectional area of the film and
1 is the film thickness

The permeability constant D may be calculated from the above equation by
substituting the experimental values for q and t when a steady flow has been
reached.

B. Subsequent to 30 June 1964

The effect of a pigment in a protective coating on the diffusion of
ions through a film was investigated. The rates of diffusion of the chloride
ion and the sodium ion were determined through free films prepared from the

formulations shown in Table 1. The experimental results are also included in
this table. An analysis of these results shows that the rates of diffusion
for both ions decrease as the quantity of pigment increases. For each formulation,
the relationship between the measured rate of sodium ion diffusion and the theo-
retical rate of sodium ion diffusion (calculated from the measured rate of chlo;:de
ion diffusion) remains unchanged. That is, for the epoxy polyamide films, the
measured rate of diffusion for the sodium ion is always greater so that the charge
on the walls of the pores remains negative. The opposite is noted in the zosc
of the acrylic nictrocellulose lacquer film where the charge on the wall: of the
pores remains positive. From these observations, it is then concluded that the
TiO, pigment in these protective coatings diminishes the flow of iong through
the films by acting as a barrier in blocking the pores, and has no effect on the
hydrolysis reactions affecting the charges on the walls.

The radioactive tracer procedure for the determination of the diffusion
of water through a free film is described4../This procedure was used to determine
the rates of diffusion at various time intervals, through neoprene, acrylic-
nitrocellulose, and epoxy polyamide free films. The results are tabulated in
Table 2. These measurements were made to determine the possibility of obtaining
informa&ion concerning the structural changes that may take place in an organic
protective coating exposed to water. The data in Table 2 for each film were
examined statistically. It was found that for each film, less than 301, of the
values exceeded the standard deviation. This indicated compatibility with the
Gaussian curve for which the predicted value for the probability of observing
an error greater than the standard deviation is 31.7t of the observations. Thus,
it is shown statistically that the individual values in each set of figures do
not vary from that for a one day exp-sure tit* to that for a 40 day period,
indicating that any "swelling" acdion th•t water might have on these films does
not affect the "gemetrv" of the pores for should there have been an effect,
it would have resulted in either an increase or a decrease in the rate of dif-
fusion of water.

_ I. - - - •LI •'tm ii m ~ r • i ilil / i -



RATE OF DIFFUSION OF WATER THROUGH FREE FILMS AT VARIOUS TIME INTERVALS

_ _ -P.ce of Diffusion X hr-
1 sq. cm'I mil"I

Elapsed Time Nitrocellulose Epoxy Polvamide
Neoprene Film Acrylic Film Film

I day 1.01 x IO13  2.90 x IO" 4  1.25 x IO" 4

3 days ........ 1.27 x 10 -4

4 days 1.00 x IO-3 2.95 x IO-4 1.27 x 1O"4

6 days 0.87 x io13 ....

7 days ---- 1.31 x 10-4

8 days ---- 1.39 x 10-4

11 days ---- 3.05 x P.-4 1.46 x 10-4

15 days ---- .5 x .

16 days 1.37 x 10-4

20 days 0.88 x 10-3 ----

21 days 1.10 x 10-3 ....

22 days ---- 1.15 x 1O-4

23 days ---- 1.58 x IO-4

25 days ---- 3.15 x 10-4

27 days 0.99 x 10c 3  3.45 x 10-4

29 days - -- 3.20 x 1O-4 ----

30 days 0.95 x 10-3 .... 1.3C x 10 4

31 days ---- ---- .22 x 10K 4

A2 days ---- 3.10 x 10-- ...--

35 aa .... 3.05 x 10-' 1.2- x 10-4

J6 davs ....---- 1.31 x IO"4

40 dwvs 1.10 x 10-3 3.25 x 10" 1.29 x 10-4

TABLE 2
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Future Plans

Investigations will be made of the mechanisms by which slightly water
soluble corrosion inhibitor pigments incorpcrated in a film affect the rates
of diffusion of chloride and sodium ions.
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APPLICATION OF POTENTIOSTATIC AND GALVANOSTATIC TECHNIQUES
TO THE STUDY OF INTERGRANULAR CORROSION IN

HIGH STRENGTH ALUMINUM ALLOYS

MRS. SARA J. KETCHAM

Background.

The effect of metallurgical factors on the electrochemical behavior of
high strength aluminum allcys is a subject of great interest in
connection with the use cf these alloys for naval aircraft. The most
serious types of corrosion encountered are exfoliation and stress
.ýorrosion, both of which are due to preferential attack along grain
boundaries.

Intergranular corrosion in the aluminum-copper alloys has been generally
attributed to the depletion of copper from areas adjacent to grain
boundaries during slow cooling following solution heat treatment. The
depletion is a function of the free energy of formation of precipitates
at the grain boundary and the diffusion of constituents to the grain
boundaries. Both are dependent upon temperature, and the amount of
depletion should, therefore, be a function of the quenching rate.

With this as the basic assumption, a comprehensive study has been made
of ther mechanism of intergranular corrosion as it is related to quenching
rate, and the relationship between intergranular corrosion susceptibility
and stress corrosion susceptibility. The effect of quenching rate on
corrosion potentials, degree of intergranular corrosion susceptibility
and microstructure in the commercial alloy, 2024, was determined first.
The experience gained .n that study led to the conclusion that for any
real understanding of basic mechanisms, it was desirable to go back to
an AI-4% copper binary material and add one element at a time in order
to determine the effect each addition had on the precipitation process
and on the electrochemical behavior of the alloy. Experiments have been
conducted to determine the effect of quenching rate on susceptibility
to intergranular and stress corrosion for an AI-4% Cu binary alloy and
an Al-4% Cu-l.5 Mg ternary alloy.

To facilitate study of the electrode kinetics of reactions involved in
intergranular corrosion, an electrochemical model for an Al-Cu-Mg alloy
susceptible to intergranular corrosion was assumed. This consists of
(1) homogeneous solid solution in the center of the grain represented
by tht ternary Al-Cu-Mg alloy cold water quenched, and therr4ore, not
susceptible to intergranular corrosion; (2) the precipitate AI 2 CuM9
(referred to as the S phase in the AI-Cu-Mg equilibrium phase diagrams);
and, (3) a depleted zone at the grain boui~dary represented by pure
aluminum. Potential and polarization data were obtained on these three



I
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phases separately, and results of the cooling rate-corrosion potential
experiments interpreted on the basis of this model.

Objective. 5
The objective of this investigation was to determine the effect of
metallurgical factors on the electrochemical behavior of structural
aluminum aircraft alloys, using potentiostatic and galvanostatic @
techniques. The ultimate aim was to learn more about the mechanism
of intergranular corrosion in hopes of devising methods to avoid or
minimize it. I
Accomplishments.

I. Prior to 30 June 1964

a. The relation between quenching rate, corrosion potential, and
intergranular corrosion susceptibility was determined for the commercial
2024 aluminum alloy in the solution heat treated and naturally aged
condition. With decreasing cooling rate, corrosion potentlais became
more anodic and intergranular corrosion susceptibility became more I
pronounced.

b. The kinetics of the depleted zone represented by pure aluminum,
was studied in NaCl solutions. Effect of variations in chloride ion I
concentration and pH was included. Based on the results, a theory was
presented that the corrosion potential of aluminum and its alloys is
believed to be a function of the type of halide and its concentration, I
as well as the activity of the basis metal. The rate of corrosion is
believed to be controlled by the cathodic limitinR current for the
reduction of hydrogen, which is a function of the local hydrogen ion I
concentration and the oxide film thickness.

c. Experiments relating quenching rate and corrosion potentials with
intergranular corrosion susceptibility have been repeated on high purity
binary (Al-4% Cu) and ternary (Al-4% Cu-l.5% Mg) alloys. The AI-Cu-Mg
showed the same dependence of intergranular corrosion susceptibility on
quenching rate as did the commercial material, and the same cocrelation I
with corrosion potential measurements. rhe binary Al-Cu material showed
little or no susceptibility to intergranular corrosion except at very
slow quenching rates, and no correlation of corrosion potentials with
quenching rates.

2. From 1 July 1964 J
a. The relationship between intergranular and stress corrosion

susceptibilitv has been determined for the binary and ternary alloys in
neutral and acidified salt solutions. Electron transmission microscopy

I
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studies have also been completed. Res"Its, In neutral soit-irns, aze
presented graphically in Figure 1, and can be summrrarized -is toliiws

'(1) The binary Al-Cj alloy is susceptiole to stress corr~o's.i

cracking when slowly quench~ed, even thoign cztrosiin pot~ntials an~d
accelerated corrzosion tests in~dicate little or no s.Asceptibi~ilt\-Z
intergranular corrosion, dind the stricture evinces very little sigin of
preferential precipitation.

:2) e s lcwl 1)qtncned Eerra.ax CL A. 10 , 5 1 1ly S LISep -1D Ae

to intergranul-ar corrosion - as results of acceierated corco~io:. tesLs,
and potentiai measurements would indicate. fne application ot stresb
accelerates the intergianuiar attack

(3) Intermediat-e quenching rates cifl procice stress cc'rroslin
cracking in the ternary allo\ wntn, as w.-ntne bir,,azx riQ. esjits
of accelerated corrosion tests, potenticil medsurements, and degree of
precipitation indicate civer3 slignt propensity :owazrd irLergrar.~iar
attack.

In other words, :.nere is n~o lnd,~caion or ;ne- exiszernce ot an,ý contin~.o.5
anodic paths without F~ress. Stress seems acti-±lly, to iniri,.Ze Zne
intergranular attacm, pro ,ding strorng sappozL rI:r ~ne -heor, t ioar '

and others, of the electrochemical effect. or stress jzs-.l~ sr-ra~r.
induced depolarization~.

b. In acidi.f:ed salt. solutions, :'n.je to tail,ýre wts decreased oy a
factor of ten..

c. Poternti-±I -7nd p alriz-itiorn expefircer.ts or ".-Ie sepazo.:e pn--ses
indicated that p 1 differencEs o'wt~e;e tne pn-.scs -A:t gre-It Cerwign

to allow for the Ii~w ot tAirl-Y large galvaci.. cjricn-ý pro. Lunrg CnU
phases were benav~ng as Lndepenidernt electrodes as --ss-imed n% -nE
electrochemi~cal imocl The of the model w-.s pr,:,,ea etper-ment-
ally by polarizing d biowll, . e:.Ched spet-iffer, -at a pc'e.-.-L Wn4ý1

should cathodicall- pr'Ott-ctW tw oh*iSES arid anooj-1.1. i si. cne gra~n

boundary areas, Results are given irn F-gurt 2 AztadK was prod"-czd &: I
grain boundaries and other areas remained Jiit~aL~týO

d, Chemical inhomogeneity tnerefore LS indo)Ubteailreplr.L i
irntergranul-Ar attack in siowi. q~.,r.cnt-d Al-Ci-Mg aliL-,! , :)st dOlt's

account for inter-granular fa.i~res Ir.i M.Zer.ý.n WA', tAS:ec cj~ef-L~illn
rates. An elect rochemiL6 i me..nc,.rIsm tor IttiS reqoires Lfle exis-,etct ot

a small anode areA in relatixn to that of tne CafLhode- SO' I n-i- n --o0diC
current densities c-in p~od,,e Anrd -P .nt-i.,:. nigrilL.ie A:,Lc4icK :1',

acidity. A possible seq-en,-e of rtý%-,iorns is Pfc:posed nelow

(I) Attack ot cracK initcxic'in i.nder stress .n eciner neutral or
acidified chloride solutio..s corcei~'aol', couid oE die to straining ind



RESULTS OF POLARIZING C-RING SPECIMENS OF Al-Cu-MR AT
-. 750V IN NEUTRAL AND ACIDIFIED* .2N NaCI

Quench pH of
Quench Media Rate Condition Electrolyte Type of Attack

Boiling Water 170 C/sec Unstressed 6.4 Intergranular Attack
Boiling Water 17 0 C/sec UInstressed 1.5 Intergranular Attack
Boiling Water 170 C/sec Stressed 6.4 Intergranular Attack
Boiling Water 170 C/sec Stressed 1.5 Intergranular Cracking

Alcohol 65 0 C/sec Unstressed 6.4 Intergranular Attack
Alcohol 65°C/sec Unstressed 1.5 Intergranular Attack
Alcohol 65 0 C/sec Stressed 6.4 Intergranular Attack
Alcohol 65 0 C/sec Stressed 1.5 Intergranular Cracking

Cold Water 80O0C/sec Unstressed 6.4 No Attack
Cold Water 8000 C/sec Unstressed 1.5 No Attack
Cold Water 8000 C/sec Stressed 6.4 No Attack
Cold Water 8OOeC/sec Stressed 1.5 No Attack

*pH adjusted with conc. H2 SO4

FIGURE 2
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rupture of the oxide film at weak points, such as grain boundaries. Once
started, attack will tend to continue downward along grain boundaries,
producing crevices.

(2) Work by Lorking and Mayne 2/ and others V has provided strong

evidence that the corrosion product in neutral chloride solutions is
aluminum chloride. Oxygen would not have readyI access to the crevice,
and the formation of aluminum chloride would contribute to localized
acidity making film repair difficult. Ulti-ately, the cathodic reaction
in the crevice could change from oxygen red.ction to hydrogen ion 3
discharge.

(3) Stern's -I work points to the possibility that the cathodic
area increases as the hydrogen ion actlvitý increases (possibly caused 1
by greater hydrogen adsorption'/, and a decrease in the anode area results
Uhlig 51 indicates that for metals of fairly high hydrogen overvoltage
such as aluminum, the discharge of the nydrater hydrogen ion is apparently I
the slow step:

H÷ --- ) H (ads) - e"

Work by Bockrls and others 6, shows that stress .n a steel membrane
increases the surface coverage of hydrogen atoms. A change, then, of
the cathodic reaction within the crevice to hydrogen ion discharge and
an increase in the hydrogen coverage by stress, could decrease the anode
area producing the necessary conditions for a high anodic current
density at the root of the crevice, promoting intergranular penetration.

e. To simmar.ze, as a res,.lt of this investigation, a theory nas
been proposed to explain intergranular stress corrosion failures in I
presumably non-susceptible Al-Cu-Mg alloys. based on the electrochemical
effect of stress which is believed to be the result of strain induced
depolarization of the anodic phase or phases and stress induced increase j
in the surface activity of hvdrogen ions.

f. There are also several practical Amplications of this worK J
(1) Accelerated corrosion testing of unstressed specimens has

been shown to be inade•Jate for predicting service behavior where parts
will usuall', be under a stress. I

(2) Initiation ot intergranular attack and rate of penezration
proceeds much more rapidl% in acidified salt environments than in neutral
salt environments. Since the corrosion environment of an aircraft carrier
provides not only salt spray but also some sulfuric acid formed from the
sulfur in the stack gases, consideration should b given to the possibil-
itv of incorporating a neutralizing substance into the water ,ised to I
wash down aircraft w,-ile on carrier duty.

I



I

g. Three progress reports and two papers have been published to
date. Two additional papers have been presented and will be combined
for publication in the near future.

Future Planning.

None. Project terminated as of 30 June 1964. At the time this work was
initiated, little use had been made of potentiostatic techniques for the
study of intergranular corrosion in aluminum alloys. Since that time,
their use has been growing steadily. It is believed that use of
electrochemical techniques to study stress corrosion and hydrogen
embrittlement in high strength steels is more in the interest of the
Navy, at the present time, than to continue investigation on aluminum
alloys which appears to be receiving adequate attention elsewhere.
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THE MEASURENENT OF STRESS MD ITS RELATIONSHIP TO
MND EFFECTS ON HUHM PERFORMIANCE IN MENT.AL D MOTOR WDRK

SHERWIN J. KLEIN and NALCOLM M. 14,CEN

The Aerospace Crew Equipment Laboratory (ACEL) is engaged in a variety of
programs Involving the development and evaluation of personal safety equipment
for the naval aviator. Much of this equipment has a psychological as well
physical impact upon the user. How much of an impact is not always known
because of a paucity of reliable criteria with which to measure it. Even
where the fact of an impact is known, its effects upon precise motor performance
and/or instantaneous decisions required in high performance aircraft cannot
be determined easily. The present program was undertaken with these problems
in mind.

Previous observations have indicated that conditions which induce stress
in human subjects are associated with concomitant increases in tne tensions of
skeletal muscles. It has also been observed that when tensions in muscles are
increased, their electrical activities (Muscle Action Potentials or MAP) are
likewise increased. By definition, then, muscles are said to be "stressed"
whenever they are active above their normal basal levels. Therefore, it can
be postulated thAt the electrical activities of active skeletal muscles are
functionally related to the state of tension or "stress" in the muscles. The

, MAP can be picked off the surface of the skin with electrodes, amplified, and
analyzed. Thus, MAP can be employed as an operational measure of the increased
muscle tensions associated with stress-inducing conditions.

The tension "'n skeletal muscles can be induced in a variety of ways. Any-
thing that induces tension in muscles is termed a "stressor." Stressors which
have been employed in experimental settings may be divided into two broad
categories - the physical and the psychological. Physical stressors include
direct muscle loading, muscular exercise, thermal extremes, reduced oxygen
intake, and a variety of other conditions in which physical variables are
altered to produce elevated levels of MAP. Psychological stressors Include
mental effort, feelings of failure, and a variety of int,!rnally-generated anxieties
resulting from stimuli which the individual believes to be a threat to h!s
physical or psychological well-being. An important aspect of the program Is
to examine the functional relationships between the physical and the psycholo-
gical stressors, and to attempt to determine whether some sort of functional
equivalenýe between these two classes of stressors can be established with
respect to their mutual effects upon performance.

Although in a theoretical context, other investigators IJ, 2J, 3J. have
suggested that the relationships between muscle tensions and performance may be
a function of the means by which the muscle tensions were induced, Klein 4LJ
has obtained actual experiment e,;.lnce that the relationships were less
dependent upon how the tensio. ; (as measured by MAP) were induced than upon the
specific aspect of performance 4shith was measured.

-
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Certain stressors have been studied experimentally; however, functions

relating stress (as measured by MAP) to various kinds of stressors may differ I
widely. The purpose of the present program is to explore more fully, both in
kind and in extent, the functional relationships between stress and various
stressors and, where possible, to obtain functional relationships between
stress and performance.

Based upon the preceding theoretical and empirical considerations, a Motor
Theory of Stress was developed. The theory, in part, asserts that: (I) the I
MAP of musculature involved in any given action is a function of level of
systemic stress during that action; and (2) irrespective of how induced, the
directionality of the relationship between MAP anc. any given measure of
performance is uniquely defined. A schematic diagram of our t'eoretical frame-
work is presented in Figure 1.

A further conjecture was developed foilowing this theoretical approach. 3
It was hypothesized that not only the absolute level of MAP activity was a
relevant variable in the analysisf'6 the effects of MAI upon performance, but
that the distributions of MAP throughout the body might also be of interest,
particularly with respect to changes cl, visual perception. Certain stressors
cause relatively greater increases in MAP at one l,.ation of the body than
at another location. Thus, analyses of MAP as a function of body locus may
be of particular value in exploring the effects of these stressors, especially I
as they influence visual perceptual functioning. Therefore, a separate phase
of the program is concerned with tio-electric responses associated with visual
perceptual changes.

In addition to the MAP parameters of intensity and location, a third parameter
is also of interest. Since the MAP signal obtained by means of surface electrode
recording techniques is coemprised of the e;ectrical activities of many discrete I
muscle fibers firing at different rates and with different degrees of synt.nrony
or asynchrony, the frequency spectrum of the MAP signal may also be of interest.
By employing frequency-intensity analyses of the MAP signal, further 1r, formation J
concerning the underlying neuro-muscular substratum may be obtained. If precision
and "smoothness" of motor skills depend upon the frequency response character-

istics of the musculature employed in the performance of skilled tasks, then
analyses of the typ... outlined above should provide a means of quantifying these
aspects of the muscular activity.

1
To explore the effects of various types of stressors on the bio-electric

responses of human subjects and to study the relationships between bio-electric I

esporses and their effects upon concori tant motor and mental perform'Ance.

Success fir the overall program will lead toý (I) a better operational defi-

nition of systemic stress to include both momentary and long-term. .,, "%es. (2)
the development of a situple and reliable stress index, ano (3) the kevt;ý.pment
of a method fc quantifying and quantitatively expressing the ef$ect: of stress
upon human performance.
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Methodological- Reuirements.

In order to obtain reliable quantitative data of the type outlined in the
preceding section of this report, two fundamental requirements must be met:
(1) the electrodes employed to pick up the blo-electric signals must be cor-
rectly positioned over the musculature; and (2) the equipment employed for
amplifying and analyzing the bio-elect.ic signals must be of high ga 7 n, of
low internal noise, and extremely accurate.

To meet the first of these requirements, namely that of correct electrode
placement, a series of anatomical studies of skeletal musculature was undertaken.
Following these studies, several anatomical sketches, indicating the loci of
various muscle groups, were prepared in order to facilitate correct electrode
placement. Samples of these sketches are presented in Figure 2.

The second requirement, that of precise and accurate high-gain, low noise
equipment has invol-ved a continual program of development and improvement.
Our present recording and analyzing facility is the result of several years
of development. The facility is pictured in Figure 3, and a flow chart of
its various operations i, presented in Figure 4.

Accoi•l ishments.

Summuary to I July 1l94. Previous findings indicate that:

I. The amount of energy expended in the performance of a simple motor task
is affected by subjective feelings of success or failure. When the subject feels
that he is successful, he expends less energy to perform a given task than
%%hen he feels that he is failing .5J

2. The amount of energy expended in the performance of a simple conceptual-
motor task (card-sorting by means of a coded finger-tapping task) is influenced
by the subject's estimated probability of his succeeding in the performance
of the task. When Js feel that there is a chance of succeeding in the performance
of a task, their MAP levels tend to be higher than Wiken they feel that there
is no chance of succeeding in the performance of the task .6J

3a. In the performance of an isotonic work task, the MAP is a logarithmic
function of the load employed; also, the amount of work output is a logarithmic
function of the load employed .7J

3b. In the performance of an isotonic work task, the MAP is linearly related
to the rate of work; also, the amount of work output is a linear function
of the rate of work.

3c. Since kgQt MAP and wrk output are logarithmic functions of load and
linear functions of rate of work, they are linearly related to one another.
Thus, v'ork output Is linearly related to MAP both as a function of load ard
as a function of rate of work.

4. In a series of experiments involving isometric work tasks in vthich

.5s squeezed a hand dynamometer at various initial levels until they could no
longer support as much as I of the initial load, the following results were obtained:
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a. The average MAP intensity was a negatively accelerating monotonic I
increasing function of the initial load h'8J

b. The frequency spectrum of the MAP signal is distributed with a I
model frequency of between 40 to 60 cycles per second 8J, .9J

c. The frequency spectrum of the MAP signal is similar for both the I
flexor and extensor muscles of the working arm, although the absolute level
of MAP activity for the flexors Is greater than that for the extensors 9J,
See Figure 5. T

d. The frequency spectrum of the MAP signal changes as the subject
becomes progressively more "fatigued." With increased time of isometric work,
the absolute magnitude of the high frequency MAP components diminishes, but I
the magnitude of the low frequency components increases .j, ,9J See Figures
5 and 6.

e. With increased time, the precision of performance in isometric work
decreases. The magnitude of isometric contractions becones more variable,
and hence, more imprecise. Associated with this performance "decrement" is
a change in the frequency spectrum of the MAP signals so that higher frequency I
components decrease in mean amplitude and lower frequency components increase
in mean amplitude .9J

5. The perception of the vertical is influenced by the relative distribu-
tion of MAP activity on contralateral sides of the body, as indicated by
changes of the left-right distributions of MAP signals obtained from the left j
and right sternocleidomastoid muscles of the neck. When MAP activity of the
left sternocleidomastoid is greater than that of the right sternocleldomastoid,
the apparent vertical shifts relatively to the left of true vertical; but when
the right sternocleidomastoid is more active than is the left sternocleidomastoid,
the apparent vertical shifts to the right. This is true whether the imbalance
of muscle activity is due to physically tilting the subject, or %hether it is Idue to direct loading of the musculature without actually tilting the subject .lO J

SWmnarv from I July 1964 to 1 July 196S.

The following experiments were performed since the issuance of the previous
annual progress report on this program lIIJ

I
I. Previous observations by the authors have ihldicated that the frequency

spectrum of the MAP signal is altered by prolonged isometric contractions. The
alteration is such that the high frequency components decrease In mean amplitude,
while the low frequency components increase In mean amplitude. Associated with
these changes in the frequency spectrum of the MAP signal is a corresponding
decrease in the precision of perf'imance. While it is likely thai t.. "fatigue"
state of the subject is the relevant factor influencing the change in the frequency
distribution of the MAP signals, it Is also possible that the increased variability
in the performance of the motor task is, In turn, dependent upon the frequency
spectrum of the MAP signals. According to this conjecture, then, the performance
of a motor task will be affected directly by the existent frequency spectrum

-4T W -
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of the MAP signals - regardless of how the frequency spectrum was brought about
Thus, the hypothesis could be entertained that with increased precision of
performance in a motor task, the frequency spectrum of the associated MAP signals
would be altered in a manner opposite to that brought about in conjunction with
decreased precision of performance. To put the conjecture in somewhat dif-
ferent terms: If decreased precision Is associated with a decreased amplitude
of high frequency MAP components and an increased amplitude of low frequency
MAP components, then increased precision should be associated with an increased
amplitude of high frequency MAP components and a decreased amplitude of low
frequency MAP components.

The problem, then, is to establish a condition in which the precision of
"performance of a motor task can be increased. One such method Involves the
acquisition of a motor skill through practice, i.e., motor learning.

Each of eight subjects attempted to trace the outlines of five different
geometric forms for a period of three minutes with each of the forms while
he viewed both his tracing hand and the forms in a mirror. On each of five

S successive days, the subjects practiced the mirror tracing task; at the same
time, MAP signals were recorded from various muscle groups of the working arm.

The subjects were then confined for a period of 34 days, and, during that
period, practiced the same task daily for the same periods of time - without
MAP signals being recorded.

Following the 34-day confinement-practice period, the subjects were again
required to perform the same mirror tracing task for five additional days as
they did before practice; MAP signals were again recorded as in the
pre-practice sessions.

The changes in the performance of the mirror tracing task are shown in
Figures 7, 8, and 9.

The mean number of times that the subjects could trace the outlines of
the geometric forms are presented in Figure 7. As shown in Figure 7, the sub-
jects became progressively more rapid in the performance of the motor task.

As shown in Figure 8, the subjects tended to make progressively fewer errors
as the number of practice sessions increased, although there is a slight rise
in the absolute number of errors during the post-practice sessions (probably
due to the greatly increased speed of performance shown in Figure 7).

Figure 9 clearly illustrates the Increased precision in the performance of
the mirror tracing task. Whereas the subjects initially mo~e an iverage of
1.86 errors per revolution during the first pre-prartice session, the post-
practice sessions were much better - with between .26 and .41 errors per revoution

Figure 10 illustrates the changes in the frequency spwictrum of the MAP signals
obtained from the extensor digitorum communis muscles of the working arm both
before and after the 34-day confinement-practice period.

-1.9.-
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As shown in Fiqure 10, the low frequency components of the MAP s~grna e
40 cycles per second and below) do not appear to show any significant :harge
average etnergy as a function of practice. On the other hand, the ave-agp e-eray

of the high frequency components (i.e., above 50 cycles per second) becomes
considerably higher .ifiL practice. Thus, the conjecture was partially

supported. These changes in the frequency spectrum of the MAP sigral suqgest

that precision of performance in a motor tack is associated with the f eque'cy-

intensity characteristics of the MAP signals produced in the perforr-arce of

the task, and that the acquisition of a motor skill may tic asociatec with
increased activity of the higher frequency components of the performing muscles.

Further and more complete data analysis is currently underway. The results of
the more complete data analysis wi ll be presented in a subsequent progress repc-!

XA, additional finding is also of interest, The total energy of the MAP
signals from the: various working muscles sampled in the preceding exper -ent

was analyzed. it was observed that the total energy from all working muscles

when taken together was less for the post-practice trials than for the pre-
practice trials. (This is not apparent in Figure 10, vhich exan;ned pnly

the extensor digito,--,m communis.) This finding is in keeping with earlier41 obser' itions .4 j Additional research is required to elucidate this point fjrthe-

2. ' second study involved an attempted replication arJ verification of

the prey o-,us findings .IOJ In this experiment, each of six subjects was qiver

repeated tr*-!. in which he attempted to adjust a luminous rod in a darkened

room until he reported that the rod appeared to be vertical, The i.d.iustments
were performed under different conditions of muscle ioading in which loads
were suspenaed '-ori a hCl et on the left sice, the right side. ooth ildes, cr
rci;thcr side of the head. The rod measured 24 inches from tcp to tOttom. are

"•,as located at distances of 48, 96, or 120 inches from the sutbjects. Altt ý11

the data from this experiment is currently under axamiratior. pretlie'rary nd,-

a cations are that ou- previous findings I10 may not be reprodLible

3. A third study, derived from previous work IZ, , .3J, 14 J , i5j , was co-,

cerned with the relationship between the magnitude of a curvature aftereffect

* (the amount by which physically straight lines appear to curve when viewed
immediately followinq previous exposure to physically curved lines). arc the

magnitude of curvature in the previously viewed curved li.es. Gibson i2 anij

* Bales and Fol lansbee )I3 have indicated that the magnitude of t0e curvature

aftereffect is not influenced by the magnitude of curvature in the inspeat-ed
material (p !vios5y viewed cur-ed lines). However, these invest;gatOrs rc-v

used single lines .. )th as irspe:ted material and as a test line (lire tkicc"

subject adjusts for apparent straightness) In addition, bo'h G'bsor and @a'e,

and Foilansbee tested only at two different degrees of cur'va:.-e in !-e i Spec'c•

material - no cont;nu•.m of curvature was exainedl.

The current study requlre2ý each of six subjects to view a jratalg of

optically curved lines through a prism for a period of ten minutes The arici-"I of optical curvature in the inspected material was adjusted by settiG the

dioptric power of the prism at 20, 10, and 5 diopters base left (thereby op-

tically curving the iir• by dif'erent degrees conveC to the 'eft). at 3

dioipters poa.r, (thereby not o•-a 1 curving the I*es), anc at 3. '.,a

20 ,,pt ':s býse r;•?: (thcrebv lcal! - curIni the !-es by i;ffer.-I -

con. t he rThe t t.



As shown in Figure Il, the magnitude of the curvature aftereffect is
affected by the magnitude of curvature of the inspected material - a finding
in contradiction to those of Gibson and Balus and Follansbee. Further work
is required to specify the cause for our divergent results. One possible
factor of interest is the scanning motions of the eye as the subject views
either multiple or single curved lines and as he views lines of different
degrees of curvature. Bio-electric techniques (such a,, the electro-oculogram,
EOG) 5J may be of value in this regard.

Future Plans.

The above program will continue to investigate the functional relationships
between stressors and stresslas defined by MAP), MAP and performance, MAP
and perceptual shifts, and MAP and motor learning.
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UTILIZATION OF MASER AS A MEANS OF EXCITATION
FOR THE SPECTROGRAPHIC EXAMINATION OF MICROSTRUCTURES OF METALS

JOHN F. DMNOVICH AND MELVIN D. SMITH

Background

Although the exact mechanism of structural failure of metals and
alloys is still not very well understood, segregation of the alloying
constituents is known to play a prominent part. These segregates cannot
be examined by conventional spectrograp1!. means because of the minute areas
involved, inability to control the electrical discharge, and difference in
rates of volatilization. When using tae monochromatic light of the laser as
a means of excitation, the beam may be optically focused on an area as small
as 100 microns in diameter and is not subject to many of the limitations of( the electrical discharge.

Obiective

Examination of metals by light microscope technique using selected
etchants can be used to detect inhomogeneities and phases in the matrices
of metals, and to indicate their relative positions in the specimen. After
thus locating areas of interest, the laser beam can be focused on specific
segregates or phases. Vaporization of these areas by the laser beam can lead
to spectral analysis to identify the constituents.

Employing standard calibration curves and internal standard lines, ex-
perimental work will be performed to establish techniques using the laser beam
as an excitation source for the emission spectrograph in order to perform quan-
titative analyses of the elements present. These data will make possible the
identification of segregates and phase constituents in metals.

Accomplishments

It was previously reported that variation of power output in the laser head
made it impossible to perform quantitative analyses. The original laser head
was replaed by a redesigned head with a greater power output stability. Sub-
sequently, it was found that variation in power output, other than those occurring
in the laser head, were evident. The objective lens system of the micrcscope,
used to select the target area of the specimen and to focus the laser beam, was
being damaged progressively by the intensity of the beam. Figure I shows photo-
micrograph# of two damaged upper doublets of the lens system. The first (left)
shows the damage after 200 shots and the second (right) after only 50 shots. A
modified objective (shown on the right side of Figure 2) was designed to overcome
this limitation. It has performed well in subsequent investigations. Figure 3
show* photomicrographs of two subjects taken through the standard objective (left)
and the modified objective (right). This proved that the field of view at focus

was adequate to select the area to be examined.

Qualitative analysis of inclusion. in metallic alloys is quite readily
accomplished using the laser probe. Figure 4 shows an inclusion in 4340 steel
(top). In the bottom photomicrograph, it can be seen that this inclusion has been
vaporized by the laser beam. It was determined by spectral &..:ysis to be silicon.

i -.5>
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CALIBRATION CURVE FOR SILICON IN AN1 ALUMINUM ALLOY
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TABULATION OF C1ATFR DIMENSIONS PRODIUCErl BY
LASER ENERGY USING THE (C)ATINC TECHNIQUE

(NO OR APPROX. 2X* OBJECTIVE)

Major Minor M.P. B.P.
Coatint Diameter WU D.1mmemter• (2 C _0C

AIclad* 3400 2300 659 2057
420O 2500

Sn=Cd 4800 2100 Sn 231 2260
3100 2500 d 321 767

Cd 4W4'_) 3800 321 767
4800 3100

Cu-Nt-Cr* 48W0 2500 o 1063 2336
moo 2100 Lt l&S 2900

Cr log0 2480

W-Cr 4800 2300 At 1435 2900
4WX) 3100 Cr 1890 2480

Iron 2300 2100 1535 3000
3100 2c00 5-
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As stated in the ot>ective, the establishment of standard cakisra"
curves dnd internal standard lines must be made in order that quanti"
studies if segragates can be made. This phase of the investiglatrn
accomrlished. Figure 5A shows a representative calibration curve f,
in an qluminum alloy using the silicon line 251.6 Angstroms as the e
and the aluminum line 3050 Argstroms as the intern"I standard line.

It was determined that it was possible to ex&nine metallic coat
qualitatively with the laser probe using no objective or an approxin
2X objective, Figure 5B shows a tabulation of sampling area dimensi
this technique for various metallic coatings.

Future Plans

Work will be performed to investigate segregation in aluminum a
steel alloys, and other materials. The cstablishment of analytical
for metallic coatings will be continued and extended to other inorga A

organic coatings.
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RESFAWCH ON CAPT'URED AIR

BUBBLE qTW VEHICLE

FRIEDRICH 0. RINGLEB* & WALTER A. SIMMONS

BACKGR0UIMD.

The Captured Air Bubble (CAB) vessel concept was conceived at The
Naval Air Development Center (NADC) in 1960. The initial theoretical
studies indicated that CAB offered great promise of providing efficient
high speed naval ships over a wide range of sizes and classes. At this
initial stage, discussions with BUSHIPS and David Taylor Model Basin
(DT•B) workin6 l-vel personnel were held to ascertain interest in sponsor-
ing a resear ,, gram on CAB. Reaction was generally negative, except
for Dr. :P._vey Chap'.in ofD30 Ybo strongly endorsed initiating a program.

Desrz)nse by WWPS was more receptive. Ii, July 1961 a project was
Initiated at NADC "nd NANC, under the BUWEPS Foundational Research program,
wi.h the objectiv. of confirming that the low drag and favorable seakeepingf charactcr'isticc indicated by theory for CAB could be achieved in practice.

Theoretical studies and tow tank model research were conducted during
1961 co develop and substantiate smooth water drag theory. Results were
promISn4, and in October 1962 the XR-1 manned vehicle was started at NARC.

"In its initial configuration, the XR-1 had "fixed" fore and aft seals
which were suitable for tests to substantiate further the basic smooth
ivater drag theory. Tests of the XR-1 vere started in May 1963. As reported
in reference 1/, the drag data tests were ir, good agreement with the
drag predicted by theory, and the turning &rd stability charactertiEtics
were satisfactory. In October 1963, a demonstration and program conference
was held for RAEK Fawkes, BUWIPS; WK3D Brom, WSNIPS; and representatives
frcm various technical divisions of BWSEPS.

During 1964, tests of 1/7 scale XR-l models were conducted in waves
to develop compliant fore and aft seals, and to demonstrate basic longi-
tudinal stability end wave "platforming" capabilities. The limitations of
the UAEC linear tow tank facility restricted these tests to only "head on"
wave conditions, and no turning or maneuvering nolel tests were conducted.
In these tests, the models exhibited excellent wave "platforaivg" charac-
tertistgcz at high mAdel speeds, with little heave and pitch m,...ion. The
action of the compliant fore and aft seals in providing this smooth and
stable wave "platforming" performance was graphically demonstrated.

• During F. 0. Ringleb's absence due to sickneas, W. A. Sinas acted u

principal investigator. He also is essentially the author of this

report.



In November 1964, the R&D Division of the Maritime Commission
requested performaxnce and basic design data on the CAB, for use in a
study to evaluate technical feasibility of various types of Surface
Effect Ships (SES) suitable for commrcial marine service, and to com-
pare their economic potential. Five concepts were evaluated - Hydrokeep,
CAB, Ram Wing, Hovercraft, and Air Foil type. The CAB was selected as
being most promising, and a program for development of a 1000 T or larger
CAB cargo transport SES is currently being formulated by Maritime
Administration for submission to Congress.

OBJECTIVES.

Verification of the rough water capability demonstrated by the
1/7 model test was of prime importance of the 1965 program. Major
modifications were made to the XR-1 to provide a suitable test vehicle.
Compliant fore and aft seals and associated hydraulic control systems
were installed on the XR-l test vehicle described in reference _/.
Additional modifications included inno.,poration of a new T53 turboprop
main propulsion system, and deeper aad thicker sideboards of increased
buoyancy and stability.

ACCOWLLSHIGTS.

Operation of the XR-l conducted after these modifications were
of a "shakedown" nature, intended to -heck the mechanical functioning
of the propulsio" arid scal systems and their associated controls. On
8 December l964., tbc XR°- ov.r*urned during a starboard turn which was
started at a speei of appXoximately 35 knots.

The basic cause of the capsizing of the CAB XR-l test vehicle has
not yet b5er. auistantiated firmly. Based on analysis conducted to date,
it is believed that tLax cause was lateral instability of the particular
configuration of the XR-1: due to a dynamic interaction between roll,
pitch, and yaw under the conditionis in which the XR-l was being operated.
"'be insbabilizy exhibited by the XR-l is not considered inherent in the
CAB concept, and can be corrected with appropriate design changes.

A moCel test and compumer dynamic analysis program was initiated
jointly with the TP-M in early January 1965, to investigate the stability
and control characteristics of the XR-l configuration. It is anticipated
that the condikiins of the XR-l accident can la duplicated and then
analyzed, using model tUst dita in tho computer dynamic analysis. The
model tests have been conducted In the DIM rotating arm facility during
May 1965. Model zests will also be conducted with various proposed
"fixes", to develop a ccnftguraicmon providing ade,,uute stability and
control over the rang of conditions under which the Xf-l is expected to
be operated. It is then pl ur d to incorporate these "fixe.s" and continue
the '"anned" CAB research test progr-x.



FUTUIR NIAMqING.

1. Tests conducted with the XR-1 from May of 1963 to April of 1964
graphically demonstrated that the CAB concept provided an efficient high
speed smooth water vehicle. It is still extremely important that the
basic concept with compliant seals be investigated to substantiate
scale model result.. Of equal importance is the requirement that adequate
stability be deaonstratea for all operating conditions.

2. The design and construct- on of a small test vehicle is highly
desirable to determine modifications that are required to provide
stability and rough water capability. Prior to any further effort on
the XR-1, successful tests of the an? ll research vehicle is necessary.

3. A sixteen foot research vehicle is presently being designed. Con-
struction o'L this craft will be started by mid August 1965, with completion
scheduled for early October, 1965.

4. A rotating arm tow facility is presently under construction at NAEC.
This facility will be used to determine flow characteristics associated
with the CAB scale models. Flow phenomena and the motions of CAP
models during turns will be investigated. Results of these tests will
be used to formulate design concept of the small research vehicle.

i Foundational Reearch Program August 1964
2 ADC Report wR-6412 of 13 May 1964
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INVESTIGATION OF NEW CONCEPTS
FOR THEIN-FLIGHT SUPRESSION FJET ENGINE NOISE

R. B. BENHAM

Backgtrourd

The early work under this project, described in the Fn annual report of
August 1964. consisted cf studie, on cirAlar nozzles only. This was done
for two reascns. Prirncipoi.y, it was desired to gain an insight into the
aerodynamic and acoustic mechanisms at work in suppressor nozzles. Also, the
large number of nozzles studied and the requirements of model fabrication in
the Aeronautical Engine Laboatc-y ,AEL) shop necessitated contours which
could be fabicatea quickly ano &:curately. Overall conclusions resulting
irco Lnis work were as f'l1cws.

Efficient suppression is obtainedo n =he process of momentum exchange between
the jet and the ambler.n. Extended plug suppressor nozzles are basically in-
efficient because a signi.ficant part of the momentum exchange occurs between
the jet and the plug, resulting in a high drag penal:y. Attempts to exchange
momentum with the ambiert air at the center of the jet are only effective with
the addition of such qtanticres £f ambient aIr as are unobtainable with low
drag flight engines.

It was concluded, therefore that lobed nozzles such as the "daily" were the
most efficient as Puppressore. Attention was then directed toward obtaining
a configuration signlficaný,ly superior tc the "daisy", but not requiring the
ue of an ejector whi.ch, with present suppressors, must $- retracted in flight.

A review of the literature re.ealed thac previous investigators had surveyed
extensively such "daisy" parameters as:

a. Effec: -f ratio of lobe width to chute width

b. £tfect of depth of chuLes

c. Effec" of a cencerbody.

However, no studies -overing the effect of lobe stagger appeared to have been
made.

Obieccives

It was intended, during tie present *nvestigation, to conduct parametric
studies of the staggered lobe rwozza, to determine the suppression potential
of this concept. In addition, it was planned to test an improved version of
the multi-lobed: staged mixig nozzle discussed in the FY -64 report.

. • _ • = II ~-Pam I ,



?On"

FIGURE, lo REVISED ?12LI-WOBED, STAGED) MIXIrAG NOZZLE.
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Accomplishments

Fipure I shows the revised multi-lobed, staged mixing nozzle. The design was
tested both with and without the points shown. Test results ate shown in
Figures 2, 3 and 4. The parameter VE is an effective exit velocity obtained
by dividing thrust by weight flow. VE was not employed in previous nozzle
comparisons because it requires a more accurate determination of these quan-
tities than was heretofore possible on the model stand. CD is a measure of
nuzzle capacity and CT is basically an indication of efficiency in converting
pressure tc velocity head. The performance curves show neither version of the
suppressor nozzle to be superior to the "daisy." Hiwever, the flat-topped
opectrtm of the multi-lobed, staged design, as compared to that of the "daisy",
shows ittLer suppression of the higher frequencies. This tyre of balanced
spectrum Is one of the basic goals of the present investigation. Because it
did nct appear that the concept was capable of signkficant development, it was
not pursued further.

Ytcui 5 shows a staggered-lobe suppressor nozzle together with the reference
circular nozzle and a typical b-lobe "daisy" model. In the parametric rtudies,
the parameters shown in figure 6 were varied. The following is a list of per-
ttsent nozzle values,

Parameter*

Area split L/D Density Ratio

3, 42,55 55.45 2.5 4.5 6.5 . I8 2.0 2.2
Sy, O + 0 x0 -

*lllustrated in Figure 6.

The res•Ats of these studies art shown parametrically in the following groups of
Figures2 Area Split - Figures 7, 8, and 9; L,) - Figures 10, 11 and 12; and
bensity Ketio, - Figures 13, 14, and 15. The fact tnet Cu and (,T v&lues for
,hf rterence CiLcular nozzle lie below those for most of the suppressor nrzsies
= not en Indication that the letter are unusually efficient. The choice of a
circular nozzle with a slower taper rate would have made the nozzles more nearly
equivalent, both in length and in performance. Two general conclusinns can be
drawn from the results shown in thepe Figures.

a. Staggering the lobes of a "daisy" nozrte has no beneficial effect cn
noise suppressiort. On the contrary, when compared on an effective velocity
basis, the increased wetted areas of staggered lobe nyzzlees d0,vlitir the
suppression potential,

b. Staggored lobe nozzles have essentially the same dire~civizv performanco
as "daisy" nozzles.

S..... .. ~ ... w • -.. . . .-- -• .- " - - -. --. --.... - .. .- ...
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c. `taggered lobe nozzles produce frequency spectrums that are ; weli

balanced than those of "daisy" nozzles. The intent of staggering ha, ',#n to,

provide the rear efflux with a moving ambient, thereby reducing mixit ioise

at this point. It was reasoned that, then the only significant noisf •oducoir
would be the forward efflux, and if this could be made a small percer *f thc

overall flow, the resultant noise would be greatly diminished. This Lent was
T successful in that the low frequency generating portions of the forwe and Yea

ward effluxes were better mixed and produced lower noise levels than 1 'daisti

However, the staggeringf-had a deleterious effect on the velocity of t air in

duced between the lobes, resulting in greater high frequency noise ge vation
by the forward efflux.

Future Plans

The studies conducted this year suggest that what is needed is a conf .xration

wherein ambient air is induced into the jet wake without encountering arge

high-shear jet areas. Conceptually, this could be accomplished by pe p•heral

jets, either few in number or else closely spaced, joining to form an Pro-

dynamic ejector, as in the ring nozzle tested previously. Nozzles of is tvp,

might appear as shown at "b" and "c" in Figure 16.

A further possibility would be to subject the high frequency peak expo ienced

with the staggered lobe nozzles to a further splitting, in the hope tl r, as

before, a reduction in level would accompany the frequency shift. A t ree-

stage ...-.•le, as shown at "a" in Figure 16, might produce the desired esult.

It is customary in both Civil and Military service to ground-run-up je engines

in aircraft prior to take-off. In order to lower the resultant noise . levels

acceptable to nearby airport and base personnel, ground suppressors ha P been

utilized. However, to date, no such suppressor has been entirely sati 'ictory

from the dual standpoints of suppression potential and serviceability. !¼ecause

it is this investigator's belief that the ground run-up suppressor des <- pro-

posed in the FY 064 annual report may well possess improved performanc in both

these areas, it is proposed to test this concept in FY 166.

BEST AVAILABLE COPY





POLARIZATION STUDIES OF CORROSION IN NONCONDUCT:N-
MEDIUMS WHERE ELECTROLYTES EXIST IN A DISCONTINUOUS PHASE

L. J. NESTOR

Background

Fuels used in reciprocating and turbine engine aircraft will dissolve small
amounts of water whtoh will be thrown out of the fuel into the dispersed free
state by lowering the temperature. For example, a highly aromatic fuel may
throw ouý ý gallons of water per 100,000 gallons of fuel when cooled from 75:F
to 32 0F.(J) This ever-present water results in corrosion problems during the
production, transport, and storage of petroleum-based fuels. Such corrosion
.auses degradation of the groun 2 andling facilities, as well as compromising
6he flight quality of the fuei.

Fuel corrosion problem8 are combated by the judicious use of additives meeting
the requirements of the specification on Fuel Soluble Corrosion Inhibitors,
MIL-I-25017. The basic method of inhibitor evaluation is a modification of
the ASTM Method D-665, Test for Rust Prventing Characteristics of Steam-
Turbine Oil in the Presence of Water.(3) This method is essentially the ex-
posure of a mild steel specimen to a simulated inhibited fuel in the presence
of sea water, and visually noting the degree of protection afforded by the in-
hibitor. Such a subjective evaluation, however, provides only a gross estimate
of the inhibiting characteristics of these additives. In addition to the visual
interpretations, the analysis ie subject to error resulting from the irregular
distribution pattern of corrosion which is inherent in such a haterogeneous
system; e.g. water dispersed in fuel.

Objectives

a. Apply the principles of potentiostatic polarization to letermine the basic
behavior characteristics of oil-soluble corrosion inhibitors.

b. Determine if these chaiacteristici are typical of &l1 oil-soluble Inhibitors,
or if they depend upon certain functional groups associated with molecular
structure.

Accomplishnts
"a Pror to 30 Jun•.e 196'

a. Pr~ 4rt

1. A cell was desiened specifically for the application of electro-
chemical techniques to electrically nonconducting solutions. In principle, it
is the analog of actual fuel systems, where water exists in the discontinuous
form of suspended droplets. The cell provides tofr tbe suspension of a metal

- -- ~-• r-*• - --- .. - -• - * - ... . . '• , -- - "



600

500

I gin. Iffmneraion

2 Min. Immersion

4001

S300
.Ii 3 Win. Immersion

200,

I 5 Min. Immersion

'100

Anodic 6 Min. Inersion

S~7 Min. Immersion'

o la 20.T 4050' 60

Palarization Time (second&)

ElfiL-RlI- CHARACTEHISTIC POLARIZATION CURVES OBTAINED BY VARYING

IM4ERSION TIMES OF* MILD STEEL IN X p.p... N-LAUROYL SARCOSINE

PRIOR TO POLARIZATION AT 0.400 VOLTS(S.C.E.) WITH 0.1 N KCI

* 90 w



I

specimen (102C Steel) in. trie simulated i.ei The -, rzcs: ve eIec rc.rto e is ,am,=
to impinge onto the metal surface under cortrollei ccrai r., y vrJ'•rS r f a
potentiostat and recorder, t:ie transient voltage/'zurrer., de!.s'Sly -latic-.sh'ns
are determined.

2. J.t was confirmed triat tne current measured was a furctioon cf tne cc.,-
centration cf tne ril-soluble ;nhibitor. By rdlati,.g The tctal current versis
inhibitor concentration, it was possirle to obtlar: eleotrcrcnemlcal data "hat
agreed quite favorably with the minimum effective iorcentratlcrs determired by
the method bpecified in MUL-1-2.OlT.

3. It was deduced from the experir ental data, that the transient current
density values o-taired i.... tiaLly or. csntact o-f t"e metal specimen by the
electrolyte were more strorgly influenced by tfe desorptin of the innibitor
than the electrocnenucal manzfestations associatea with t.he corrosion, pr,,cess.
With the complications cf corcentration polarizalior and limiting diff,.sits
currents reduced to a minrimum, it was postulated that *he current der.sl.ty
measurements could oe related to the areas of the metal s.•rface that wei ý free
of adsorbed innibitor.

b. From 1 Tuly 2964

1. One of the major handicaps that plagued oar previcus experiments was
j the rather poor reproducibility of the curren-t density measurements. After

rather intensive study, the following modifications were made:

(a) Reduced tne size of the cell and increased th, size of the
specimen.

'b) Introduced a specimer. design change from multiple to single face'.

(c) Maintained electrode distances coi star.t.

'd) Elimunated electrolyte flow, since tnls was creati-.g a velocity
gradient across tne surface of the specimen.

These charges resulted in a significant improvement in repeatability.

2. One of the major benefits obtained from tne prevIcusl listed moaif.-
cations, was the capability of maintaining strict corntrcl of time in wnlcn th.e
specimens were immersed in the simulatec inhioited fuel, e.g. N-Lauroyl Sarcos,:.e
in Isooctane. By controlling immersion time, ;t was possltle to expe.nd the
scope of the entire project. In Figure 1, characteristic curves are show,. wt.C:.
depict the rate-controlling desorptlon of both the solvent and/or Jnnibitor
The 1-minute immersion time curve snown is typical of c,,rves wnere nc ir.n.bill.
is present, in spite of tne fact _naý 20 ppm N.-La.,r•,yl Sarcosine was in tr.e
solution. As tne immersior. time inrcreased, tne cu. .es assamea tne craracter-
1stic shape associated witn a strcr.gly adsorteid ir-icitor film.
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3 MLre aet~a-Led S~uiies were thei, made, relacirng ýhe surface adsorption
(-f N-Laurcyl SLt:2:. 1 _mmrsior. time, corcentra-ýiorn of tne 4r.h-.oitor, as
well aS sairfaoýe preýpars3!_-. of tt~e steel specimern nese resu~to are shown in
Figures 02 arna '-. 'Ice spec-Imen surfaces investigated were aesigrnated I'har.a-gro.nd"
and "lal.im]na .-lastec." >re ha&nd-grcuiu specimen.s were rather ro-Ugh irn appear-
ar.cL.. nav.-ng~ Dee- preparf- . y grirnai..g W!Lh 2/C_ ';arret paper, Tne alumina
tlased spe:..- me:.s iere prepae,;~. ty metallc'grapi'caily pcli.saIrig tie steel to a
mirror finish~ an-, tr~e.. scrAubing ':-e s-..rface wit,, 27 micron aliiaina particles
in a nigh- veioo!W, ritrcge, stream . Tt -.as necessary tc s:%-_-. :.te surface with%
alumina t,, remove t-e %ascroec water ihtroducea aur:rg -*r-e me7-ailcgrapriic
polisriing. by compa&r.ng Lhe Lppm cu~rves in both iiguroes I- arua ), it can oe
seen that the nar..-6roliQi sp-_ .. n adscrts Ljc,ýctane more readily than tne
alumina- bla sted surfaý-e O~wevear, by zomparing tne 2C_ ppm :zarves, i.t beccmes
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lr..ioitor. Ist -65 ,e -. ýed ircnr Fjigre 2, tnat for 2- ppm %IS, i~t re-
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minutes.
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&r-'ýas of' tre stee I e-.mt - Alakl'--g a:. ads-.r-e~i f~. pe? a r A' rmt1at o
of this tnecry .ias a. .er i~y perm.;tting -.r.os r- at2.velp C%. t'ie specimen.
surface after zrne e.. :troneznocal pclarizatli...., t'ner measu.r:..g tne perce-+t
surface zorro3siLm. -nest es"c are sor- In re.. ' plotting
observed perc.erit s_.~rface c c'.&ragainrst inmersicz. "Imes, showTn. in, Figo-res
5 and 6, fuirLnez -v ~e.:oe was -- Ia4,'ed wr7icr. ter~s '.c confi~rm -ne electrochem~ical
data shý_u. 4r ýi:- rt- ao

-xA-e :or-matilr. zi. ro mere also-
i r ve s": ga'el; S We E e c. permLutti:.g t"e S'ee. Sur~a e t- ~e expý_sed to
.iry a~r ZIc .'ary_.s7 t :s eto're :naK:n-g To6 aia~r e S'S nese resclvs
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ADVANCED POLYMER RESEARCH TO DEVELOP POLYMERS FOR tUSE IN

COATINGS EXPOSED TO EXTREME ENVIRONMENTS

W. W. HOWERTON

Background.

The increased speeds of Navy and other military aircraft have made
it mandatory to develop coating polymers that will withstand high tem-
peratures and have other superior performance characteristirl. As no
polymers were availahle, either commercially or from iv~rrme,. research
contracts, to meet these advanced applications, a limited polymer re-
search program was initiated in October 1963 at the Aeroiautics! Kiterials
Laboratory to develop such polymers. As one requiremet of tois program,
an engineering oriented approach is being maintained sc, tiiat nrotJsing
polymers may be put into production more quickly. Also, when ýossible,
commercially available chemical intermediates are bein( Lused.

Work continues to be concentrated primarily on aromitti tyj? struc-
tures for outstanding heat resistance, and more particularl' with Bic-
phenol A type polypnenyl ester polymers. To date, modificationt cf this
type polymer appear to hold the most promise of meeting the many neces-
sary requirements of a high temperature coating polymer.

Objectives.

The principal objectives are as follows:

a. Development of a simp'e interfacial polymerization process that
consistently will produce the required high molecular weight polymers in
the minimum amoint of time.

b. The immediate polymer target is the development of a high tem-
perature resistant coating polymer with the following characteristics:

(1) Ready solibility in relatively non-toxic paint solvent-,
such as aromatics and ketones, and capable, afte, spray-application, of
being usable in a maximum of three days and preferably in one day of am-
bient temperature air drying.

(2) Solutions mast be of low viscosity for high solids buildup

during spray application.

(3) Resistance to jet fuels and hot jet tubes (2 hrs. at 25OF)

(4) High temperature resistance r 500 0 F.

-IO1-



(5) High glass transition temperature (negLigible softening
at 5QOOoF).

(6) Low temperature resistance to -65OF.

(7) Toughnes!' and abrasion resistance.

(8) Fatigue resistance (non-cracking in fastener areas of air-
craft).

(9) Weathering resistance:

(a) Ultraviolet resistance.

(b) Moisture and hydrolysis resistance.

(c) Craze resistance.

(10) Formulated paints should have good package stability for
I year at 900 - 1OOOF.

(11) Coatings after application should be glossy.

(12) Good adhesion.

c. Development of a polymer for coatings that is capable of service
in the lOOOoF range. This coating may be baked to develop optimum proper-
ties.

d. A long range target is to develop a series of stable-structure
monomers from which stable polymers can be rather quickly made to meet
almost any required application, including other than coatings.

Accomplishments.

During the past year, additional process development has been di-
rected to a further improvement of the interfacial polymerization method
being utilized in the synthesis of high temperature coating polymers.
This has resulted in two primary benefits:

1. Polymerization cycles have been reduced from 3 hours to 15 min-
utes, giving a greatly increased utilization of personnel and equipment.

2. Molecular weights of polymers have been increased, resulting in
a marked improvement in elongation and resistance to crazing, both of
which are very necessary for a good coating polymer.

-102-
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Relative to Bisphenol A type polyphenyl ester coating polymers, a
breakthrough has been obtained in high temperature performance, from
500OF to 7500F, by thermal cross-linking. In practice this reaction
should occur naturally during aircraft operation at higher speeds, as
skin temperatures increase.

New high molecular weight Fluoro-Bisphenol A (Hexafluoroacetone
Bisphenol A) polyphenyl ester polymers have been developed which exhibit
greatly improved resistance to discoloration at elevated temperature.

A summary describing important phases of the coating polymer re-

search and development work is given below.

a. Interfacial Polymerization.

The resin kettle used for earlier interfacial polymerization
has been replaced by a Waring Blender unit. This has resulted primarily
in decreased polymerization time, from approximately 3 hours to 15 min-
utes, and has made possible more efficient utilization of personnel and
equipment.

High molecular weight polymers are now more consistently ob-
tained from stoichiometric quantities of reactants in the two immiscible
liquid phases. This has been accomplished primarily by using approxi-
mately equal volumes of the two liquid phases and also by operating the
Blender for a sufficient period of time (15 minutes for the I gallon
Blender) to exhaust the reactants completely. It has been noted in prac-
tice that this has occurred when the pH of the aqueous phase is between
Sapproximately 7 and 8.

b. Solubility.

r i In order for a coating polymer to be used easily, it must be

readily soluble in relatively non-toxic usable paint solvents, such as
aromatics, ketones, and etc. Until iecently, almost all Bisphenol A
polyphenyl composition modifications were not sufficiently soluble in
paint solvents. Those that gave indication of good solubility in sol-
vents, such as toluene, would usually g#!ll in one to two weeks at higher
solids (20%) concentration. This may be seen by an examination of various
compositions in Figure 1. It will be noted that all of the polymers are
soluble in tetrachloroethane (TCE), but this solvent is highly toxic and
was used only to cast films for Instron and other tests.

We have recently developed polymers containing Hexafluoroacetone
Bisphenol A (6FK-BPA) with a higher ratio of Isophthalic!Terephthalic

I (70/30) than the 50/50 used formerly. These have improved solubility
particularly in toluene, as may be seen in Figure 1, Runs H-160-2 and
H-166. Also, solution viscosities are lower, which allows higher solids
build-up during spray application of coatings. These polymers, being
thermoplastic, are ready for use as soon as the solvent evaporates.

S1P .
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c. Jet Lube and Jet Fuel Resistance.

Aircraft coatings must be unaffected by jet lubes and jet fuels,
particularly at ambient temperatures. It is desirable that the coatings
also resist jet lubes at somewhat elevated temperatures, since leakage
or spillage of jet lubes onto aircraft surfaces may occur at times, and

with aircraft operating at high speeds, surface temperatures will be
somewhat elevated. An exposure of films or coatir.gs to two hours in jet
lubes at 2500F has been used as a screening test in an attempt to simu-
late such conditions. Tests on seven Bisphenol A type polyphenyl ester
polymer compositions have been made in je• tubes and fuels at room tem-
perature and also at the elevated temperature (25O0F) in jet lubes. Re-
sults are given in Figure 2. It will be seen that all polymers resisted
any harmful effects at room temperature. At the elevated jet lube tem-
perature, a newly developed polymer containing Piperazine (Run H-155-1)
gave best results. The structure of this polymer is shown in Figure 3.
It is presently being evaluated for other characteristics. In Figure
2, it will also be seen that the standard Bisphenol A polyphenyl ester
polymer (Run H-150-(3-6)) also gave good results in the tests, although
there was some slight surface crazing in the MIL-L-7808 jet lube at
2500F.

The fluoro containing polymers, for example, Runs H-138,
H-160-2, and H-166 in Figure 2 have not been satisfactory to date in the
hot jet lube test. These types of polymers have excellent heat resis-
tance and good solubility in toluene and efforts are being made to im-
prove their hot jet lube resistance. Run H-167 is an illustration in
which the addition of a soall amount of Piperazine into the structure of
the polyme- has given some improvement in the lube resistance.

d. High Temperature Resistance.

Comparative heat tests have been run on several promising poly-
phenyl ester polymers which were synthesized, including the earlier
standard one containing Bisphenol A (Run No. 128), whose structure is
shown in Figure 4. Included also were polymers containing Fluorodimethyl
Bisphenol A (Hexafluoroacetone Bisphenol A) as illustrated by the struc-
tural formula ir Figure 5 (Run No. 130); polymers containing Dicumyl
Phenol as shown in Figure 6 (Run 132); polymers containing P,P'-Biphenol
(Run 133) instead of the Bisphenol A shown in Figure 4; and polymers con-
taiing Tetraflunrodichloriacetone Bisphenol A (Run No. 135) instead of
the Hexafljoroacetone Bisphenol A shown in Figure 5.

For the heat tests, I mil clear coatings of the polymers were
flow-coatt ý ,ntu 3" x b" anodized 2024 aluminum panels and all|wed to dry.
Paneib of the various polymer coatings were ther. subjected to heat cycles
in an air-circulating oven for I hour each at 600c, 7LK• . and 80'Y-, for
a total exposure of 3 hours. Photographs were taken of the panels after
each huYr of exposure to record any color dovelopsent or other changes
which occurred.
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FLUORO SERIES

Molal Z Composition
Run Isophthalovl Tetephthaloyl
No. Bisphenol A(I) 6FK-BPA( 2 ) Chloride Chloride Remarks

128 50 -- 25 25 Control

127 40 10 25 25 None

131 30 20 25 25 None

136 10 40 25 25 None

130 -- 50 25 25 None

'1) Bisphenol A. high purity, General Electric Company

(2) Hexafluoroacetorie Bisphenol A, high purit", Allied Chemical Corportion

FIGURE
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C~omposiLtion of the specific polymers tested i;n tir- f'luorine-cc n
c~er:icr, of polyphenyl- ester polymers is shown in Figure 7. .) ýy7-rS -0Y'.r1
only moderate amounts of Fluoro-Bisphenol, A (6FK,-BPA'~ (Runs I-an d 131
respectively) did not ag, better tha~n t,.e control. (Run LZWý -Ahl.ch conta no
fluorine. Those that c,':.Lained major amounts, or all "or-ipei
(Runs l>S_ &nd 1510), a_-ed significantly better than the r panels Ln
series. Although not sho,;.n in this report, thesf, pan'-.-I we~re also aged

90Ffor I hou~r. At tlliis temperat-ure all coatingn --v~tey 'aporat
_xcept for panel in Run 13b on which approximately one-third of a partl
coating still remained. All coatings thr_ 4h~SC : eae as i -r al
and continuous coatings and pane'- could be bent ov-r .,(--quarter inch-
irels without cracking. It was also observed during th>', a- test tha
coatings had become thermally cross-linked and were h4Lgty res:..tant to
effects of powerful. solvents for these type polymers, E-uc'., a3 ýetrachlo r-ar.#-.
The cross-link~ingr r-_,hwanism is being investiýgated furth~er.

CIomposition of specific poly-mers t-33ted i*n the oc-v Phenol'
is shown, in Figure B.Run 1IV contains the maiu~ancý_n, of D~icu,-,,myu :r

.E.0, 50 molal percen*t , or 100% of the- di1hydroxy ,:-ter~neilate. A compas ý
of panels of Run .Swith F'andard-- -Bispheno A polvp neiy_ ester ~'i
after the 7-00*F heat test :or one hour sh2ý,-wed tha*a ' :c !.; 4r~rens less In
No. li. I is belifeved t~n.-t the Iiffere - n thi~s particular 'ase ma ave
been due to some impurity --n the Dicumyv_ PhenoL s"-. sir.:e 1-t wias
that tlie p'.;rity was somewhat less tha~n the No. 12_ F-Ip traol A which is bz
p uri+.f ie d. A comparisc-n of thnese two run,- after tne n4 - rour test -)e

thtt~No. n. ad almost comoletey d i sappearej fr,,r t-~ pan-ei. .: ý A

apparentl,; ,aused ty *-e ver n igh>i, *ý'e'--i _rQo~u<aTing. r'
_lnfel- apparently .. tnrocugn te g~ cpe, ar..4 -sinoC t'nerte is a

-ignt.r rproporic~n of --r tý- ti.e N~o
po.v~er tnan- r, til- A.n ''a~- ~ ~ ;-r s'o

lnk F~ r' aere-,:~:* s as
Le Xt-' t!' a '>nta ns sc5 0~-.. -~z>~~ .:,.-xa-

.~'0 -oa s;- *~~no , - !rc-r r-ýar_ ; -orra'. .7 r.
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BIPHENOL SPAIES

.. olal 7. Composition
Isophthaloyl Terephthalgy•

Run No. BPA() 6F-BPA( 2 ) Biphenol'3) Chloride( 4 ) Chloride(".) Remarks

128 50 25 25 Control

133 -- 25 25 25 25 None

130 50 -- 25 25 Control

(1) Bisphenol A, high purity, General Electric Company

(2) Hexafluoroacetone Bisphenol A, high purity, Allied Chemical Corporation

(3) P, PI - Biphenol, high purity, Eastman

(4) Isophthaloyl and Terephthaloyl Chloride, high purity, Hooker Chemical Company

FIGURE 9
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Polymers were also made containing some chlorine (Run 135, Figure
10) as a partial replacement of some of the fluorine in the 6FK-BPA.
Although the heat stability was better than the control with Bisphenol A,
Run No. 128, it was not as good as No. 130 with the maximum amount of
6FK-BPA.

The General series gave a relative heat stability comparison of
the various groups of polymers discussed above after exposure of one hour
each at 6000, 7000, and 800F for a total exposure of 3 hours. Two panels
which contained predominant amounts of the Fluorodimethyl Bisphenol A
(6FK-BPA) were superior to all of the other panels in heat resistance.

e. Low Temperature Resistance.

All of the polymers produced have had good low temperature re-
sistance. Films of the most outstanding ones were made and subjected to 1|
-65*F exposure, Figure 11. All remained quite flexible at this tempera-
ture.

f. Weather Resistance.

Earlier titanium dioxide pigmented standard Bisphenol A poly-
phenyl ester polymer coatings which were exposed to four months of J
Florida weathering, exhibited chalking on the surface in mrn':h the same
manner as epoxy coatings. A close exa.ination of the coating beneath
this chalk showed fine cracks and checking. This was also true of the
area of the coated panel under the clamps, not exposed to direct sunlight I
but exposed to the other weathering elements. It thus appeared that
moisture was definitely a factor in the aging of these titanium dioxide
pigmented polymers, and was probably causing hydrolysis of the ester I
groups in the polymer structure. Efforts were then made to evaluate and
develop polymers of this type with maximum water resistance and maximum
resistance to the effects of moisture. A test was set up in which 1 mil
clear coatings of polymers of the Bisphenol A type polyphenyl ester
polymer on 3" x 5" anodized 2024 aluminum panels were half submerged in
water for periods of two or three months to observe any changes that
might occur. Results of tests are shown in Figure 12. In general, all I
of the polym-rs performed well in this test with the exception of Run
H-134 containing 25 mole percent of Dicumyl Phenol. This poor result is
believed due to the fairly low molecular weight polymer in this case I
since the polymer containing 50 mole percent Dicumyl Phenol (Run H-132)
resisted any effects of the water test. The 50 mole percent Fluoro-
dimethyl Bisphenol A (6FK-BPA) polymer of Run H-130 had a small amount
of crazing but the H-136 polymer containing only 40 mole percent
6FK-BPA did not. The earlier heat aging tests showed H-136 to age as
well as H-130, so from these tests it appears that H-136 is a slightly
better polymer than H-130 for the coating application.

-114- 1
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CHLOROFLUORO SERIES

Molal % Composition
Isophthaloyl TerephthaloyI

Run No. BPA(1) 4FK-BPA(2) 6FK-BPA(3) Chloride(4) Chloride(4, Remarks

128 50 - 25 25 Control

135 -- 50 -- 25 25 None

130 ..-. 50 25 25 Control

(1) Bisphenol A, high purity, General Electric Company

(2) Tetrafluorodichloroacetone Bisphenol A, high purity, Allied Chemical Corp.

(3) Hexafluoroacetone Bisphenol A, high purity, Allied Chemical Corp.

(4) Isophthaloyl and Terephthaloyl Chloride, high purity, Hooker Chemical Corp.

FIGURE 10
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LOW TEMPERATURE TESTS ON
BISPHENOL A TYPE POLYPHENYL ESTER FREE FILMS

AT- 650C

I
I

Molal % Composition Run No. Remarks

50 6FK-BPA(l) 2 H-138 Passed - flexible I
25 Isophthaloyl( 2 j H-130 Passed flexible

25 Terephthaloyl"3) H-142 Passed - flexible

40 6FK-BPA H-151-1 Passed - flexible
10 BPA( 4 )
25 Isophthaloyl
25 Terephthaloyl

25 BPA Ho155-1 Passed - flexible
25 Piperazine( 5 ) H-155-2 Passed - flexible
25 Isophthaloyl H-155-3 Passed - flexible
25 Terephthaloyl H-155-5 Passed - flexible

50 BPA H-150-(3-6) Passed - flexible
25 Isophthaioyl H-156 Passed - flexible
25 Terephthaloyl I

(1) Hexafluoroacetone Bisphenol A, high purity, Allied Chemical Corp. I

(2),(3) Isophthaloyl and terephthaloyl chloride, high purity, Hooker I
Chemical Corp.

(4) Bisphenol A, high purity, General Electric Company

(5) Piperazine, high purity, Jefferson Chemical Company I

FIGURE 11
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g. Other Properties of Polymer.

Other required properties of the coating polymer not specifi-
cally discussed in detail above are satisfactory or under study. Tough-

ness and abrasion resistance are outstanding. Glass transition tempera-
tures are high and cross-linking occurs at higher temperatures, so that
softening of the polymer coating at elevated temperature is not a problem.
Fatigue resistance has not yet been evaluated, but attempts are being made
to keep elongations of coatings as high as possible as this is considered
a related factor. Adhesion of coatings, without primer, to anodized 2024
aluminum panels is good. Detailed evaluations have not yet been made with
other surfaces. Long range heat tests of 168 hours at 500OF are in prepa-
ration with silicone coatings being used as a control. Glossy coatings
are considered primarily a function of pigmentation volume and titanium
pigmentation will be kept to a minimum to help assure this. One-year
package stability tests will, of course, have to be made on the final
polymer that is developed and formulated into paint for this application.

Future Plans.

In addition to the work which is underway and has been discussed,
research and development work will be initiated in the following areas:

a. The possibilities of developing a room temperature cross-linking
or curing system will be explored.

b. Process development work will be pursued relative to the feasi-
bility of emulsion interfacial polymerization to polymerize promising
intermediates which are not as reactive as some of the present ones, but
which would impart important properties.

c. The effect on polymer heat stability and long range aging of
end-capping polymer chains with aromatic groups will be investigated.

References.
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are as follows:
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STUDY OF FRACTURE MECHANISMS BY MICROFRACTOGR'PHY

WILLIAM A. SIPES AND JOHN F. DANOVICH

Background.

Failure analysis is effective only insofar as it can determine "the
cause of failure." For the materials engineer, the crux of the problem
pertains to describing, diagnosing, and explaining the fact of fracture.
Unfortunately, materials science has not yet reduced the ouLtleties of
the phenomena to a complete and definitive analysis. Among the many
tools used for such investigation is the electron microscope. Electron
transmission techniques have proved invaluable in the study of the
deformation and plasticity of materials. A newer approach, using
replication methods, has now emerged as a means of delineating the final
consequences of these processes fracture.

However, at a very practical level, the success of the instrument in
discriminating previously unobserved details of fracture surfaces had
led to problems of nomenclature and identification. -1 The commonly
used explanations, even theories of fracture, must take account of these
new details of fracture topology revealed by the electron microscope.

Objective.

1. The long range goal of this research is to assist in identifying
the causes for material failures in high strength materials.

2. The immediate aim of the work reported below is to describe those
aspects of hydrogen embrittlement which distinguish it from the other
mechanisms of so-called "brittle" fracture.

Accomplishments.

.. The initial task confronting this investigation was the problem of
providing fracture surfaces, which, for want of a better phrase, could
be described as "pedigreed hydrogen enbrittlement" fractures. The
consensus of published work -1 indicated that such failures are the result
of complicated interactions involving numerous variables, which together
might be considered the "failure envelope." These include all those
familiar to continuum mechanics as well as those of physicat chemistry.
Neither atomic mechanisms nor electrochemical effects can be ignored
safely. Hence, test methods which involved a piece-meal attack, although
informative, would tend to lead to intractable difficulties when attempts
are made to correlate the test with information obtained from electrcn
fractographs. An accident which -ccurred during the investigation
of the effect of stress on the permeation rate of hydrogen
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opecimen Dimensions:
I. Overall 3" x 9"1 x 1/8" thick
2. Gage Section 21" x 5"

0.090" thick

Masking t.oimpaurd:
Cellulose acetate base

0

0 0
Platinum Anode (or Cathode)

Cell "Windoie' cut '.w
Masking Compound

• - • -- • ,P la s t i c B o t t le :
D.C. Source: Electrolyte container

Instrumented

000
Cathcde (or Anode)

FIG. I SCHWIATIC RPRESDITATION OF iRACTURI TEST SPCIlMvE (D.CNFIGURATION
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Note: 1. Specimen Gage Section Hydrogen Window-
1"1 squ~are

2. Note deleyed transverse crack indicating
embrittled "notch".

3. At specimen edges, ductile failure is

indicated by shear lip "tongues '

Figure 3 Photograph (ge X) of Hydrogen Embrittlement
Test Specimen, AISI 4340 Steel at 240,000
psi Strength Level
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through a membrane of high strength AISI 4340 steel 2! 4/ fortiltously
suggested a solution to this problem. After certain modifications in
specimen size and cell configuration and preparation, fracture surfaces
of sufficient size for replication were obtained. The successful
production of such fractures indicates that a means of correlating
fracture mechanics, electrochemical effects, and the phenomena associated
with the atomic mechanisms of failure may be possible. This method of
obtaining fracture surfaces suggests that it will be possible to confirm
the hypothesis put forward by Troiano 1/ to explain the mechanism of
hydrogen embrittlement and delayed fracture. Also, merely by changing
the polarity of the test cell, conditions analogous to stress corrosion
effects may be studied. See Figures 1 and 2.

2. The fracture surfaces obtained, on the macroscopic level, effectively
demonstrated the "notch" effect of hydrogen embrittlement - Figures 3 and
4. However, the most interesting results, consideting the differences
among current explanatory theories, were observed in The electron
fractographs - Figures 5 and 6. Besides indicating features of fracture
topology previously unreported, these election fractographs demonstrate
that it will be possible to correlate the observed phenomena with test
variables. In this regard, recent work has been directed toward confirm-
ing the results so far obtained. Selected area electrcn diffrdiction,
Figure 7, has been used in an attempt to identify the crys-.ilite species
observed in the brittle fracture area of the failed surface.

Future Plans.

I. Work will be done to confirm the critiLal test parameters required
to reproduce the fracture topologies so far observed. The electron
microprobe, now being procured, will be used, as avai.lable, to examine
selected features of the hydrogen embrittlement flactire sarface.

2. Electron fractographic surveys will be made using "stress corrosion"
fracture surfaces induced in high strength AISI 4340 ising d modification
in test procedures.

References.
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METABOLIC MECHANISMS OF MAN IN THE FULL PRESSURE SUIT

E. HENDLER and D. W. DERY

The full pressure suit is an essential piece of life support equipment re-
quired by personnel ensaged in flying high-altitude, high-performance ,ircraft,
as well as manned spacecraft. Since the body is entirely enclosed within a
gas-tight, impermeable garment for prolonged periods of time, provisions must
be made for assuring an environment compatible with a minimum of
performance decrement.

The present study has as its objective the quantitative evaluation of the
energy requirements of man during task performance while dressed in the full
pressure suit. Conduct of this study is expected to provide contribution$
toward defining life support system requirements in manned aerospace vehicles,
toward improving bioinstrumentation methodology for remote physiological and
psychological monitoring of human subjects, and toward relating performance
capability in the full pressure suit to concurrent physiological changes.

AScoQmol i shment s.

As indicated previously, the glass house (chamber in which metabolic measure-
ments will be made) was relocated and reassembled; however, plumbing and
electrical services to make the enclosure functional have not yet been installed.
Consequently, it has not been possible to proceed with the task sequence
as planned.

A small analog computer was purchased and installed, and two of the investi-
gators working on this project were trained in its use and applications.
The computer has been programmed to process data obtained in the course of
the work described below.

A review of the literature was undertaken for the purpose of determining
methods of assessing respiratory function in men, which would also be compatible
with the wearing of the full pressure suit. In addition, it was desired to find
a method which would not necessitate encumbering the subject with excessive gear,
nor Interfere with the normal use of the suit. The method of measuring volume-
flow loops appeared promising, and was therefore Investigated in some detail,
as indicated In the following discussion.

The volume-flow loop refers to a simultaneous recording of changes in res-
piratory volume and flow which may be obtained while a subject performs certain
respiratory maneuvers. Such loops contain a relatively large mount of information
perthining to a subject's respiratory capability, as will be shown, Qhlle at
the same time presenting this information in a compact and convenient mnoner.
The configuration of these loops is quite consistent in size and shape for a
given individual, and therefore may reflect subtle changes in respiratory function
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as a result of imposed stress. Another Important advantage of this method of
presentation Is that respiratory dysfunctions of many kinds are easily recognized.
This is In contrast to the rather tedious graphical analyses required to obtain
equivalent information from the usual spirograms.

Fig. I Indicates the procedure followed in obtaining volume-flow loops.
Seated subjects breathed Int a waterless WEDGE spirometer (Med-Science
Electronics, Inc.) through a mouthpiece connected to a short length of wide-bore
tubing. Two electrical outputs from the WEDGE spirometer. one proportional to
volume and the other proportional to flow, were amplified and fed into an
X-V plotter. As shown In Fig. i, the spirometer outputs could also be fed Into
an oscilloscope capable of retaining the trace so obtained on the tube face.
The latter was used for monitoring and training purposes. A number of subjects
were Instructed to deliver tidal volumes (TV) and forced vital capacities (VC)
Into the spirometer, and these maneuvers were practiced until consistent loops
were produced. Since one of the prime purposes of this study was to evaluate
the accuracy of this method of measuring respiratory functions, the subjects
repeated these procedures using a standard 13.5-liter Collins respirometer from
which records of volume as d function of time were obtained.

Calibration of the WEDGE spirometer and Its associated recording equipment
was accomplisheý. In two ways. First, measured volumes of air were delivered to
the spirometer by manually expressing this air from beneath the bell of the
Collins respirometer. Changes in air volumes of the latter were recorded by a
stylus mechonica!y linked to the bell, which provided a record of volume change
as a function of time. Simultaneous volume changes thus induced In the WEDGE
spirometer were recorded as pen movements along the x-axis of the X-Y plotter.
Tangents drawn along the steepest slopes of the respirometer volume-tira records
were used as measures of peak flow. These were compared to corresponding peak
flow records from the WEDGE spirometer, which appeared as pen movements along
the y-axis of the X-Y plotter. Second, a mechanical breathing machine (Scott
Aviation Corp., No. P/M 23575) cyclically Injected once withdrew preset volumes
of air, at predetermined frequencies, Into and out of the spirometer. The
resultant spirometer outputs of volume and flow, both as functions of time.
were recorded on a Sdnborn Modml 150 strip chart recorder, as well as the plotter.

Fig. 2 shows the mean corrections (plus and minus three st.indard errors of
the mean) for volumes recorded from the W4EDGE spirometer on, the X-V plotter. The
spircmster Is generally used In a parirally tilled condition, to allow for
either deep inspiration or deep exp:ratlon as the Initial respiratory movement.
In our tests, the starting position of the spirometer wes adjusted to approxi-
mately . .liters, at which vclume no voltage output was fed to tne X-Y plotter.
As the volume in the spirorater decreased below 4 lIters, on lnnreasingly positive
voltage was applied to the piotter pen; for volumes greater then 4 liters, the
applied voltage was negative in sign. It is evident from Fig. 2 that the simaler
corrections were applied I.n the usual working range of the spirometer. Respi-
rometer readings, which served as the standard for ca!ibratin.. th. WEDGE spirometer,
could not be read closer than t 0.02 liters, a value comparable 1i magnitude to
the correction factors from about 2 to 7 liters. All volumes re.',ýrded on the
X-Y plotter were rorrected In accordance with the values shown in fig. 2; corrections
for intermediate values of recorded volumes were calculated on t • basis of
linear changes betwem adjacent corrections.



TABLE I

COMPARISON OF CORRESPONDING PEAK FLOW RATE 2ETERAINATIONS

Peak Flow Rate (LPS)

1o! [n,• WEDGE

1.73 1.69

1.65 1.69

1.52 1.50

2.37 2.30

2.19 2.18

1.73 1.78

2.92 2.78

3.42 3.54

4.30 4.38

5.49 5.38
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Peak flows determined graphically from volume-time curves obtained with the
respirometer compared favorably with corresponding peak flows measured 4n the
WEDGE spirometer flow recordings (Table I). In addition, electronic integration
of spirometer flow signals, using the computer, resilted in volumes essentlaiv
the same as those indicated directly by the respirometer. Spirometer volumes
obtained directly, and by integrating the flow rate, remained unchanged when
produced by the breathing machine over the frequency range of 5 to 60 cycles
per minute, with peak flows of approximately 350 liters/min.

Typical VC end TV volume-flow loops are shown in Fig. 3. These loops were
traced directly from a plotter record, and indicate tho usual relationship and
shape of the VC and TV configurations. Loops of maximum breathing capacity were
superimposed on the volume-flow loops. A comparison of means of repeated
measurements of tidal volume, expiratory reserve, inspiratory capacity, vital
capacity, maximum breathing capacity, peak expiratory flow, and peak inspiratory
flow for twelve subjects, using both the Collins respirometer atid the volume-flow
technic, is shown in Table 2. All of the values shown were measured at ambient
(sea-level) temperature and piessure conditions. When tested skatistically,
no differences could be found between the values obtained for each of the above
pulmonary function measurements using the Collins respirometer and those obtained
using the WEDGE spirometer, except for peak Insplratory flow. The latter was
found to be signifi.antly higher when measured using the WEDGE spirometer.
The -eason for this differerce is not immediately apparent, and further efforts
will be devoted to examining this phenomenon.

Fig. 4 is presented to illustrate the point, previously mentioned, that
volume-flow loops may serve to indicate deviationa from the more usual respiratory
patterns in a most striking manner. The subject In this case was a young
naval aviator, selected as a potential astronaut candidate, who appeared to be
in excellent physical condition. From his volume-flow loops, one of which is
shown h$ Fig. 4, it is quite apparent that when executing a forced vital capacity
maneuver, his expiratory flow is reduced throughout much of his functional lung
volume. This finding was much more difficult to visualize tn the usual spirograms,
and could have easily escaped detection.

Initial procedures were worked out for measuring pressure suit leakage by
using the computer to calculate continuously the difference between integrated
inlet and outlet flows through mass flotmeters.

It is planned to complete installation of plumbing and electrical services,
in order to have a functional facility for carrying out the principal objectives
of this study. The computer will continue to be utilized to handle data analysis,
and further work will be done to evaluate the volume-flow technic for measuring
pulmonary function. A* attempt will be made to calibrate a pneumotachograph for
obtaining volume-flow loops from subjects within the full pressure suit.
Models Incorporating cyýlivr volume changes with controlled leakage rates will be
tested in the glass house. Unoccupied and occupied pressure suits will be
stotlcasly and dynamically evaluated; metabolism and other physiological functions
of men ia full pressure suits will be determined for the resting, exercising,
and psychomotor task performance situations.
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It is intended to prepare a paper describing the work performed with the
volume-flow technic for presentation at the 18th Annual Conference in
Engineering in Medicine and Biology.

J b IcatIMs.

Hendler, E., 0. W. Dery, and N. Miller: Heart rate during performance of
a complex physical task. Fed. Proc. 23:522, 1964.



THE DEVELOPMENT OF ELECTROCHEMICAL AND METALLURGICAL MEASURING
TECHNIQUES FOR SIMULATED DEEP SEA CONDITIONS

JOHN J. DE LUCCIA AND EDWARD TAYLOR

Background.

The deterioration of materials exposed to seawater has been investigated
by a number of researchers, and much is contained in the literature
concerning shallow water exposure. Until a few years ago, very little
deep water testing (beyond 500 feet) of structural materials had been
accomplished. A project titled, "Oceanographic Effects on Materials,"
was initiated at that time, and the Aeronautical Materials Laboratory (AML)
has since exposed several thousand specimens of about 100 different
varieties of engineering materials to depths of 2300 and 5640 feet. So
far, the exposure of about 25% of these specimens has been completed and
the determinatioi of physical and chemical changes is underway.

Some researchers have maintained that deep wrter testing of metals is
unnecessary since little oxygen is Available to assist in the corrosion
reaction. This viewpoint invited scientific curiosity, and thiC deter-
mination perhaps, by deep sea simulation equipment, of any possible
correlation of corrosion rate with depth and oxygen concentration.

Recently, identical materials which were exposed at two different depths
fnr similar pericJs were examined and found to exhibit more severe corro-
sion at the grea. er depth where the oxygen concentration happened also to
be greater. This result, as well as vermiform (worm-like) corrosion of
stainless steels due to water flow over its geometry, has convinced these
investigat'ors that laboratory simulation of deep ocean corrosion is
extremeiv necessary in oLder to cope with these problems.

Obiective.

The specific aim of the program is to develop electrochemical and
metallurgical instrumentation techniques suitable for monitoring chemical,
physical, and mechanical changes of metals exposed to pressurized sea
water simulaLing various ocean depths.

Accomplishments.

A. A controlled environment system (Figures 1 and 2) for deep sea
simulation has been procured and is being fitted with numerous accessories
which are corrosion resistant. The system consists of a pressure vessel,
a cooling unit and a high pressure pump. The pressure vessel is capable
of achieving 20,000 psi and OC; conditions which are the maximum known
for any ocean. Because a flow of up to 6 gal./hr. is possible, currents
fe..nd at ocean depths can also be simulated.
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The head of the vessel contains 8 electrical feed-throighs, so that any
transducing devices mounted on the electrochemical cell inside the
vessel will be able to deliver their signals through it. A fdbricated

plastic jig (high pressure electrochemical celli Figure 3) has been
designed and constructed to facilitate the measurement of electrode
potentials of metals with or withiout stressing. Silver-silver chloride
electrodes are being constructed with established techniques I to
provide pressure insensitive electrode potential measurements.

A data recording system is now being procured which will monitor and
store at least 25 channels of information for periods ip to 3 days.
The data will be printed voltages with polarity, decimal point and
channel identification also prirted.

B. While the controlled environment system was being procured, a hydro-
static testing unit was designed and assembled by AML personnel using
aircraft hydraulic parts. Metal specimens were fastened to a p.astic
frame, stressed with wedges and enveloped by a sealed polyethylen;, bag
containing fresh seawater. The bag was placed in an aircraft accumulator
pressurized to approximately 3000 psi for 5 weeks.

Upon examination after this exposure, the high strength steel, stainless
steel, and titanium were still bright and free of corrosion, whereas the
magnesium had severely corroded. It was concluded that the magnesium,
being more active than the other metals, consumed all of the available
oxygen in order to corrode, thus leaving almost none for the steel wnich
severely "rusts" in contact with oxygen.

The lesson from this experiment drove home the fact that oxygen plays a
key role in deep sea corrosion, and close monitoring and controlling of

a flowing system 'nder pressure is highl'ý desiraole.

C, Mr. DeLuccia presented a p&per on the deteriorative effects of the
sea on imaterials at the Firsý Naval Advisory Council on Materials
sponsored Navy Meeting on Corrosion (Review and Analysis of the Navd's
Deep Sea Corrosion and Deterioration Program) held at the Naval Civil

Engineering Laboratory (NCEL), Port Hueneme, California. inspection of
NCEL s simulat'on equipment and subsequent discussion of this field

brought new ideas to this laboratory. He also participated in a committee
during June 1965, which will evaluate the Nqv, s current program on
marine corrosion and deterioration in the light of reqjlrements, .nd then
recommend additions, deletions, and changes in empncsis in order to
formulate integrated and balanced Navy Program in Marine Corrosion and

Deterioation which will support adequatel\ the Navv s &ommitment to
deep ocean engineering ventures.
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Future Plans. 1
Natural seawater purchased under contract from a local aquarium will
be compared with artificial seawater and solutions of metal salts to
determine the pressure insensitivity and other pertinent physical and I
electrochemical cheracteristics of reference electrc es to be custom
made in the laboratory. 3
A plastic liner and diffuser will be constructed for the vessel to
minimize the diffusion of copper ions from the monel walls to the
metallic surfAces under investigation. Fresh filtered seawater will I
always first flow past the reference electrode in this system, with
the specimens receiving the water next, and finally contacting the
outer wall before being ejected. m
The orientation of the specimens with relation to the direction of
water flow will be studied to duplicate oxygen concentration cells
which were found cn several panels exposed to the ocean. Crevices I
will be intentionally formed and potential measvrements will monitor
the corrosion rate.

The primary effect to be studied depends somewhat on the above "sub-
ordinate" results but is concerned specifically with the effect of
pressure on corrosion reactions. The effect of pressure (p) on the

I
emf (E) of a galvanic cell can be predicted from the classical relations.

_____ '& (1)1

-_ (2)I

P T nF f

where 4ýG is the change in free energy, F' the volume change wheo
n Fcrada~s (F) are passed through the cell at constant molal concentra- I
tion 'im) and temperature (T). From these equations, one finds that
pressure does have an effect on corrosion reactions: this effect ca- be
measured in situ by the simulation apparatus and compared with predicted
va lues.

Refe:ence&. j
I/ R~ference Electrodes, Ives & Janv, Ac. Press (196l).
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a MUMT •CAA1 fl TION OF T=RBISE INMYT IgHPIMA1ME

This project was undertaken to develop a temperature measuring system capable
of providing accurate temperature data at the turbine inlet stations of a gas
turbine engine. To obtain an accurate indication of temperature in this bn-
vironment, an averaging technique not be used because of the extreme temper-
ature gradients that exijt in the area of the turbine inlet. Average teperature
techniques of asurment used at present have been found unsuitable, particularly
at altitude operating oonditions where large discrepancies have been observed
between T5 measured and T5 calculated thermodynamically.

The object of this program is to develop a new instrumentation technique or system
capable of providi accurate temperature data at the turbine inlet of a gas
turbine engine. This technique or system must be capable of yielding an accurate
temperature profile in the turbine inlet at all eneing operating conditions.

As the result of a literature review conducted last year, three tech'niques of
teomeo re measurement were thought to be applicable in the environment of the
turbine inlet.

(1) Radiation Measuring Technique

(2) Gas Density oastuing Technique

F (3) Shielded Thezrcouple measuring Technique

Infra-red radiation was investigated and the following conclusions
were drain. The temerature of a hot gas strean oan be determined
if the senser & es only the gas and not the vml. of the oontaining
duct. However, the gas products of combustion are transparent over
the greater part of the spectrum; there are only a few discrete wav
baond where the Me products of combustion abeorb and exit radiant
energy. Sensors have been designed which filter out all radiation,
except that being eai'ted from a gaseous target in a well defined
spectral band. For exaple, a senser has been designed that collects



radiation in wavelength band in which the C02 in the gas stream
absorbs and emits radiation. However, since the enissivity of the
gas is a fuanction of the concentration of the 002 molecules, con-
contration or density would have to be obtained betore maningful
teo~'sture data could be taken. Considering the cost, of equipment.
and problem involved., this method of tomperature inasurtment was
diopped from consideration.

2. 9~.,D~ai . aurn Tefd*UW chaiogie

Research during the first 6 months of f iscal year 65 was primarily
aexcerne&4 with the investigation of an alpha partials, gas density
masuring technique. The distance which an ionised particle travels

in a gaseous absorbing media is a function of the initial and final
"e~rgy of thie al~pha particle and the density of the gaseous absorber.
As the alpha partiale traverses th. gas stream it loses energy,
primarily due to the coulomb interaction with the electrons of the
abso~rbing ,udia. Assuming classical coulomb interaction bsbhavlor#
one compuites the amount of energy transferred to an electron in a single
collision, and1 then sum uip all electrons in the alpha particle path
to arrive at the total energy dissipated by the alpha particle.
Knowing the amount of energy lost., the range of travel, and the za'4ecul~ar
prupe-6ties of the gaseious absorber, the density of the absorber can be
determined. This toohnique of density measurement appears suitable in
high altitudc envirooments where average gas density at the turbine iWet
in in the order of 0.6 kgru/ 13.3 (35,000 ft.). However., as sea level
condi-Uons are approached, density at this station increases and ran4ge
measurements ~a not be made due to the extreme energy attenuation of the
alpha particle. Table 1 lists density at the turbine inlet for various
altitudes,

1.77 10,0000
1.46 15,000
1.19 20,9000
0.96 25,000
0.77 309000

This method of measurement does appear to have merit in the stud.y of
high temperature rarefied gas flows, and a summary of this phase of the
investigation has boen prepared. This sumry includes a deviation of
the range-energy equation from stopping power considerations, and an
example problem illustrating a method of solving the derived range-
energy equation.
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3. Sh-ieldd amigscnl NkAMuILM beInabwm

The shielded tbh oiaouple is the temperature masuremnt senser
universally employad throughout the aircraft industry to measure
turbine inlet and discharge tmperatures. To design a thermcouple
probe for a particular engine location, accuracy, speed of response,
temperature magnitude, and the various nodes of beat energy transfer
oest be considered. In a high temprature, high-velocity gas stresa,
soxe coqprouise mEst be made between speed of response and accuracy
of indication. Since this project is concernad with the accurate
indication of turbine inlet temperature, this criteria was deemed of
primary iertance. Accordingly, a shielded and aspirated probe has
beon fabricated as shown in Figure 1. Thi probe is a double shielded
temperature senser designed for high temperature environments where
radiation is the significant mode of heat energy transfer. This probe
is to be used as the absolute temperature standard in the calibration
of all future test probe designs.

In order to similate the environment of the turbine inlet a teut r.g
has been fabricated and instrumented and is nov operational in 9W
test cell (Figure 2). Wass flows up to 3#/sec at inlet pressures o!
300 to 706 HgA can be generated with temperatures ranging from 10000F
to 25000F. The above test conditions sinflate altitude operating
environaents for a single combustor can of a gas turbine engine.

Future plans include the design and test of various shielded probes, as well as
operation in teat facilities capable of gene•rating higher mass flows and presures.
In this meaner, test probes can be evaluated in the turbine inlet environment at
all engine operating conditions.

1-r-



- R4...

)



INVESTIGATION OF THE RESIDUAL STRESS FIELD

AROUND FILLED AND UNFILLED HOLES

R. VINING

BACKGROUND.

Recent fatigue investigations performed with the ie oi full-scale
and simulated structures have demonstrated that currE.nt fatigue
hypotheses for application to structuref- are not valid in the 'nigh-
stress low-life range. These hypothesus are all based or a non-
varying stress distribution (except for magnitude) in the rcgion
being investigated. To substantiate ti~e fatigue behavior obtained
in the current Aeronautical Structures Laboratory (ASL) tests, one
must hypothesize that the stress field varies throughout the test
life.

OBJECTIVE.

The objectivc of this investigation is to study the behavior of
the applied and residual stress fields around both filled and un-
filled holes in an "infinite" aluminum sheet for various cyclic
loading Londitions.

ACCOMPLISHMENTS.

Th• special strain transducers, which have been developed in
miniature form to measure strains up to 30% near the peripnery of
the hole, have been received. A technique has been developed for
using these transducers, which are miniature differential trans-
iormers. One is shown in Figure 1, mounted on a simple test coupon.
The transducers and the signal-conditioning equipment to adapt their
output to the existing recording equipment have undergone check-out.

The test fixture has been designed and its erection has been completed,
as shownr in figure 2. Test specimen 1 has been fabricated, ins~ru-
mented, and installed in the test fixture; it can be seen in Figure 2.
A closeup view of the test specimen is show,- in Figure 3; the elaborate
strain gage instrumei;tation can be seen clearly.

For specimen 1, a loading cycle consisted of an increase in load to
140,000 pounds and a decrease in load to 18,800 pounds. The maximum
load is a value approximately two-thirds of the ultimate failing load
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of the alumiaum sheet. This load was assumed to represent what is
termed "limit load" in airplane design terminology, where limit load
is defined as a load which establishes the strength level for desigr
purposes. The minimum load represents a fictitious level-flight con-
dition load. The strain at maxi'mum load and the residual strain at
minimum load for the first cycle along a line normal to the direction
of load are shown in Figure 4. Additional cycling of specimen 1 has
been performed and the data which have been obtained are being studied.

FUTURE PLANS.

In the coming year, additional test specimens will be loadcd with
a high initial preload to be followed by cycling at lower loads. The
peak and residual strains will be measured. Some specimens will be
cycled with a spectrum-type of loading after the preload, in an effort
to determine how this type of loading affects residual stress and
strain, as opposed to constant-magnitude cyclic loading. By taking
the time history of strain measured at some point near the hole and
duplicating this time history on a simple tensile test coupon, an
attempt will be made to determine the variation of residual stress
around the hole under cyclic loading.

I
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l
UTILIZATION OF GAMMA RADIATION TO ENHANCE PROPERTIES OF POLYMERS

AND TO INITIATE POLYMERIZATION OF MONOMERS

G. HARGREAVES

Background

The use of ionizing radiation to initiate chemical changes offers a
number of unique advantages over conventional chemical techniques. Certain
reactions can be induced which are not possible, or convenient, by other means.

The control over reaction conditions is extended; the temperature is not a
limiting factor, since many radiation-induced changes are only slightly
affected by temperature changes. Modification of long-chain polymers by
radiation has aroused considerable interest in recent years. The sometimes
marked changes produced in such polymers by radiation do not depend on any

special chemical effect that is different fcro-, those obtained in smaller
organic molecules, but do result from the fact that the ph~sical properties ot

j such polymers are easily modified by small changes in molecular arrangement.

Objectives

1. To develop a capability in the use f gamma radiation to process
polymers, t: ir composites, and monomers, and to enhance their properties.
Desirable imrrovements would be increised flexural strength, abrasivtJ resistance, hardness, and resistance to higher tetaperatu:es.

2. To polymerize relatively stable monomers by gama radiation to product
new and unusual polymers.

Accomplishments

I . The Gammacell 220 was returned to the manufacturer and rejuvenated.
It contains 12,586 curies ef cobalt 60. The measured d se rate in the
center of the irradiation chamber is now about 1.0 x 10 tads per hour ofJ ga radiation. The half life of cobalt 60 is 5.2b "ears.

2. An irradiation helix is connected with the svsteia for emulsion or
solution polymtrization. This is - ciosed system with te-mperature, atmosphtr•t
and amount of radiation under controllco conditions. Figure I is a diagram ,f
the system, the restervoir!\) holds the material ,in liquid form, to be
irradiated. Several openings in the reservoir provide for th, entrance ot
solvent, moncmer. nitrogen or other gai into the s\stew. or it may be L:tsached
to a vacuum line. A cir.-'_la'ini pump(2) forces the liquid through the system.
It passes through a fl•,' miter(3) and then through a heating - cooling unit-1.
Next the liquid material is forced through the helix in the gama cell
irradiation chamber, 5). After leaving the irradiatt..n chamber the pressure k-a:
be measuredi6). Samples may be withdravn at"8) then the remainder returns t,-
the reservoir and repeats the cycle. This equipment. mav also be used for vapo,
phase polvmerizat ion.

4

3. Objective I has been realized. Stvrene has be-n ;'olvmertzed in a.
enmulsion te produce a film f'rming poi.'Mer. Stvrent- has seen grafted onto
nylon fabric -o pr•'duce a fabric with improv'--d t,.aring strength, and other
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properties for "outdoor" use.

4. Some adhesives for laminates have been irradiated in situ. This
work qhows promise but has not been explored further due to the lack of
personnel.I0

5. Benzophenone (• -C- ) has been dissolved in a number of
solvents-acetone, benzene, chloroform, ethanol, methanol, and irradiated to
various levels. Benzophen-ne in ethanol produced a crystalline material
which melted at 150-1800C, benzophenone melts below 50 0 C. When dissolved in
chloroform and irradiated with a dose of 4.8 x 107 rads, an orange-red precipitate
was formed. This material does not melt Dr decomurose below 3000C.

Future Plans

Since the work with benzophenone and similar monomers seems to have
possibilities for successful polymerization by irradiation, more work with
these monomerý is planned. There are also many aliphatic structures as
well as aromatic, which have excellent potential as polymers wnilch should be
explored. The estimated completion date at this time is 1 July 1967.
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STUDI OF THE ME X NISM OF WATER COM& ES

IH. SHERTZER AND H. _IDEMOFE

Aircraft fuels contain appreciable amounts of dissolved, and, under certain
conditions, emulsified water. The ewudsified or "free" water present in
the fuel system can have an adverse effect upon the in-flight operation
of the aircraft 1/. To control this problem, filter separators have been
inserted into the fuel dispensing system to remove esmlsified water prior
to aircraft fueling. These filter separators contain coalescer elements
composed of glass fibers which coalesce the emulsified water in the fuel.
This coalescence process is a phenomenon which depends upon the energetics
of the surfaces of the solid, water, and hydrocart n present in the system.
The service life of the coalescers is affected by the type of system they
are operating in; i.e. in some system elements remove the emulsified water
satisfactorily for a long period of time, whereas in other systems the
elements fail quickly and the emulsified water passes through the coalescer
element. An explanation of this problem can only be obtained by a better
understanding of the variables which affect this water separation process.
The present trend of thought indicates that surface active (surfactant)
material present in the fuel, in the form of additives or contaminants,
drastically reduces the efficiency of the coalescer by being adsorbed
on the fibers g/. Certain experimental techniques, viz. the drop volume -
experiment, also support this hypothesis j/. The present phase of this
investigation is directed toward the study of the effect of surfactants
present in the hydrocarbon phase on the fibers used in the coalescer.

The purpose of the present investigation is to determine if fibers used
in the coalescers will quantitatively adsorb an acid from a non-aqueous
solvent. This would enable the investigators to obtain an estimate of
the surface area of thp fibrous material, in order to develop a method
by which adsorption on fibers could be observed in the hydrocarbon fuel
system presently in use.

This information would give the investigators a method whereby they would
be able to estinat* the surface area being poisoned by the additives or
contaminants present in the fuel. By the addition of known surface active
agents into an uncontaminated fuel, the relative adsorption strength of
the additives may be obtained by the method described above.

In addition to the acid adsorption experimnt, the surface energies of
certain solid - water - hydrocarbon syste will be investigate: to support
the adsorptior thec.7, and to study the effects of certain solids on the
energetics of their surfaces.
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AccO~lihments

An intensive literature search, which was undertaken, led to the following
conclusions:

(1) The process of coalescence ie a much neglected and complex field.
Some of the studies of coalescence found in the literature could not be
applied to the problem at hand, since they dolt only with systems where
two phases were present - (e.g.) water, hydrocarbon A/ - excluding the
solid phase from the system completely. SJice the solid phase (fiber-
glass) is present in the coalescer elements in use, the foregoing method
would not shed much light on the problem.

(2) An attempt has been made to construct an instrument which would
give an indication as to the separation properties of a smell scale
coalescer 5/. This method rates a fuel or hydrocarbon system by a photo-
metric estimation of the amount of emulsified water passing through the
coalescer element. This instrument is calibrated by adding trace amounts
of surfactant to a standard fuel. However, the method does not expl-in
how the surface active agents affect the coalescence of water in the
system.

(3) Another approach to the problem which has merit is the study of
the wettability of certain solids by water in different hydrocarbon sedir 2
by contact angle and interfacial surface tension measurements 2/.This method will be used in future investigations.

(4) The method that has been pursued since April 1965 is one in which
we are attempting to show that surface active material is adsorbed on the
glass fibers, rendering them unable to coalesce the emulsified water in
the system. If we can accomplish this, then a method could be devised
to evaluate the adsorption of additives that are present in the fuels and
the constituents present in the base fuels themselves. Specifically, a
method is being developed to measure the surface area of glass fibers
by the adsorption of palmitic acid (CH3(CH2)IOOH) from a dry benzene
solution. Harkin, et al ý/, 2/ have used this methcd to determine the
apparent surface area of fine powders. The method used is a titration
of the paluitic acid before and after exposure to the fiberglass. The
arxut of acid adsorbed is calculated from the difference in the amount
of alcoholic [OH used to titrate the eauple and the blank. A specific
problem encountered to date is the fact that the fibers have a mac.,.
smller surface area per unit weight than the powders hitherto used. The
fiberglass is supposed to have a burface area from I - 3 square meters
per gram as opposed to a much larger area for the powders §/. The
success of the method depends upon the accuracy with which the acid
present In the solution is determined. Initially, it was believed that
a colorimetric titration with pheuolhhhalein as indicator would suffice 2/.

I
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Difficulties were encountered due to the fact that the color change was
very weak because the con,sentration of the KOH is about 0.01 Normal.

However, same data of value were obtained by this method. Figure 1 shows
the rate of adsorption of Palmitic acid onto glass fibers. To increase
the accuracy of the method, an electrometric titration was used to
construct the adsorption isotherm (figure 2). The amount of acid
adsorbed per unit weight of fiber is plotted against varying concentrations
of acid. It can be seen from figure 2 that inltilayer adsorption is
occurring. In order to obtain an estimate cf the surface area, the
isotherm should be horisontal in some concentration range. If an isotherm
of this type is obtained, the amount adsorbed corresponding to the
horioantal portion of the plot, is taken as the value at which a
moomolecular layer of acid is covering the surface. Knowing the amount
of acid adsorbed and the area occupied by each molecule L/ the msuface
area of the fibers may be calculated. The waltilayer adsorptic., found
on the fibers may be due to a number of factors 1/. Some of these are
the cleaning procedure and quality of reagents used in the qxperiment,
and the method of contact of the solid with the acid soiution.

Future investigations will include development of better methods of drying
the fibers and solvent, search for a more accur-ate procedure for the
determination of the amount of acid adsorbed, and an experimental setup
which would allow more intimate contact between the fibers and the acid
solution. Once the feasibility of the n~thod is established, this
procedere may be employed to study the interaction of fuel constituents
with the fibers.

(1) Continue the study of adsorption of organic acids onto glass
fibers in an effort to determine their surface areas, and to apply this
method to certain fuels.

(2) Investigate the surface energies of glass and other solids by
contact angle and Interfacial Tension measurements on water, hydrocarbon,
and solid systems.

(3) Consider the feasibility of radiocheamical tracer studies on a
full scale or scaled down filter seperator unit. If certain surface
activrj agents were tagged, their migration through the system coule- be
monitored continuovaly. It is x belief that this method would give
information as to what is actually happening in the dynamic full scale
system.
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CONDUCTIVE TRANSPARENT THERMOPLASTIC FILMS

I. H. CUSTIS

Background

The accumulation and retention of a.i electrostatic charge on the
surface of materials have been known for some time. The presence of
this charge introduces a potential hazard where missiles are involved.
Previously, very little work had been done to eliminate this St•Lic buildup.
This was due to the lack of effective antistatic agents and methods of evaluating
their performance. Two methods of evaluation are presently being used; they
are the cigarette 3sh test and the soot chamber test. The latter is being used
by the industry to e'vaiuate the electrostatic properties of plastic bottles.
Both of these methoos are qualitative and only indicate the presence of a charge.
A more definitive test method requiring a circular coulometer was used to
evaluate the electrostatic properties of the materials studied.

Objectives

The purposes of this program are to develop conductive transparent
thermoplastic materials through the use of internal aritistatic agents, and
to develop a test method which will evaluate accurately their performance in
improving the electrostatic properties of materials.

Accomplishments

The electrostatic propertles of five materials were evaluated using
the coulometer test method. These consisted of three films and two .mterlals
which can be applied to films resulting in a transparent coating. Th4" ivaluation
is listed in Figure 1. An analysis of these data indicates th&t thertno~lastic
mater!_1ls, whi-h are insulators, can also be made ccnductive through the use
of chemical agents. As noted, the hvdroxvaquochromium diphenyl phosphinate,
which is a new resin, exhibited good electrostatic properties. Poivethvlene
with an internal antistatic agent, and polyurethane with carbon filaments
embe-dded in the resin, exhibited poor electrostatic properties. The effectivenesý-
rf the transparent coatings which are applied to the films, are dependent upon
thicknes,,. When a 2. solution of Zelec DP was applied to polyethylene and nv'4o,
the electrostatic properties of polyethylene were -o-ewhat tmprove4d, as .'oted b\
the reduction in the charge retained. For the nylon film, t.- electrostatic
properties were greatly improved. The application of a 4Z solution nf Zelec iF
further improved the electrostatic properties of b-th the polvethylene .snd nvlo.T-
Two and 4". concentrations of Zelec DX exhibited no effect on the elrostatic
properties of the polyethylene; whereas, the propertles of n%,..!;)n were preatlv
improved.

Theýrefore, it is believed that the *'lectrost-atic prpertic. of therm opia•;t
material can be improved to the point that the InateriAl wi'i be it* -ctive aro
prevent a stati, charge bui!dup. Farther, it is believed t.ý.at this iar be ac-
complished through the use of the proper antstatiC adent. %0o O,-e antigt•t ape.*.-I
to meet the req•,ire.ent for all resins.



B/ Essc Laboratories, Standard Oil Dovelopsnt Cc., Research Division
Minrandua, "Factor" Affecting the Water Content of Aviation Fuels"
by R.F. Finn, W E. Lifson, Sept., 195:

j/ �oordinating Research Council #(C.A. 35-61) "Development of Research
Technique for Assessing the Water Seperation Characteristics of Fuels
rectaining Surfactants" Oct., %963, pg. 3

-/ Phyl Corporation, Ferndale 20, Michigan, "Jet Fuel Decontamination
Studies", by H.A. Beatty and C. Walcutt, Merah 1965, pg 42

A/GillespieT., Rideal, ;ZK. Tas. Faaody S"c. 52p 173 (1956)

•/ Federtil Test Method 3256T, Sept., 1963, Fe... Test Method Std. No. 791a

/ Harkin, W.D., Gans, D M., J. An . >ýc. 53, 2804 (1931)

2/ Smith, H.A., FLuzek, J.K., J. A. C1e1. Soc. 68, 229 (1946)

S/ Private Comziicatlon, Co='- - Glass Works, Coming New York

•/ Mitchell, J., Kolthoff, I.M., ?roskauer, B.S., Weissberger, A.,
"Organic AnalysiO" Vol.. M!I, pg 18, New York. Interscience Publishers
Inc., 1956

0/Adam, N.K., "The P-vsics nd Chemistry of Surfaces", 3rd edition, pg 51,

Tare III, London, Ofor' Press 1941

I/ Hirst, W., La>loaster, J.K., Trans. Faraday Soc. 47, 318 (1951)

' • '• ":•-"': r . .-_ ., _ . . . •_ __ II . . . .I _

rn•• -"•



CONDUCTIVE TRANSPARENT THERMOPLASTIC FILMS

I. H. CUSTIS

Background

The accumulation and retention of an electrostatic charge on the
surface of materials ha e been known for some time. The presence of
this charge introduces a potential hazard vhere missiles are involved.
Previously, very ittle work had been done to eliminate rhis static buildup.
This was due to the lack of effective antistatic agents and methods of evaluating
their performance. Two methods of evaluation are presently being used; they

are the cigarette ash test and the soot chamber test. The latter is being used
by the industry to evaluette the electrostatic properties of plastic bottles.
Both of these methods are qualitative and only indicate the presence of a charge.
A more definitive test method requiring a circular coulometer was used to

evaluate the electrostatic properties of the materials studied.

Objectives

The purposes of this program are to de-elop conductive transparent
thermoplastic materials through the use of internal antistatic aRents, and
to develop a test method which will evaluate accurately Lhelr performaice .n

improving the electrostatic properties of materials.

Accomplishments

The electrustatic properties of fi e materials were evaluated using

the coul-meter test method. These consisted of three films and two materials
which can be applied to filme resulting in a transparent coatirg. Th;eva dat'on
is listed in Figure 1. An analysis of tnese data indicates t'at thermoolastic
materials, wh-ch are insuiators, can -Iso be made conductive th'-ough tne use
If chemical agents. As noted, the h%-drox',aquochro::1lum diphenvl phosphinate,
which is a new resin, exhibited good electrost.!tic properties. Polyethylene
with an internal antistatic agent, and polvurethane with car-o-n `ila-nts
embedded in the resin, exhibited poor electrostatic properties. he effectiven.-•
of the translŽ-arpnt coatings which are applid tc the films, . '- cýpvndent a
thickness. Whet a 2' solution of Zelec DP was applied to polveth jene and n\i 1,-
the electrostatic properties of Eolivethvieoe were somewhat ii,.proved, as noted
the reduction in the cK-rge retained. For the nyion film, the el trostatic
prcperties were greatly improved. The application ox a 4% sciu•ion of Zelec ""
further improved the elec'rostatic properties of -,,th the polvethvlene and -Y'
Two and 4". concentrations of Zelec DX exhibited no effect on the electrostatic
properties of the poly;etyvlene; whereas, the properties of nvlon were giea'iv

improved.

Therefore, it is believed that the eiectrtxtatic prje~rties of ther-opiast-•

mater~al cA- be improved to the point that the material will te conducti e anc
prevent a static charge buildu,2. Further, it is helieveo that this c,,n be ac-
complished through t'-.e use of the proper antistttic Agent. No-- one tntistat a,--a..
to meet the requirenent foIr all resins.



RESULTS OF ULECTROSTATIC PROERTY EVALUATION
(Volts Retained)

Zelec DP Zelec DP Zelec DX Zelex DX
Untreated 2,o 4% 2% 4%

H yd roxyaquochro1k'.,- 30 --

Dipheny Phosphina t I

Polyurethane w.th 0-200 ---

Carbon Fitaments

Poly>e thy •ene Wit•h > (3m -- -

lnreri:al An'istatlc Agent

Polv y• hy½!wone > 300 165 50 >300 3OO

Ny!or, >300 80 Negligible 85 Negligible

1
I

FIGURE 1
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Future Pians

Equipment to evaluate the charging, saturation, and decay rate of an
induced charge has been purchased, and will be assembled to continue this

investigation. Antistatic agents will be incorporated in the material by
solvent Lasting or milling processes and their performance evaluated.

I Information obtained will be applied on pilot plant equipment.
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NEUTRON ACTIVATION ANALYSIS

EDWIN S. TANKINS AND ALFRED L. GLASS

Background.

Neutron activation analysis is a relatively new research tool which
offers unprecedented sensitivity in the detection of more than half of
the elements in the periodic Table. The sample, as well as a standard,
is bombarded with neutrons from a neutron generator, which converts
!-hem to an unstable radioactive form. The irradiated samples are then
identified and measured quantitatively by means of gamma ray spectro-
scopy. This method is nondestructive in that the specimen can be
reused. It has a sensitivity far better than most chemical or
spectrographic techniques. This method of analysis is extremely

� sensitive, free from reagent contamination, and is a very rapid method
of analysis.

Objectives.

A. In the various studies of mechanical properties of materials, it
is very important to have alternate gas analysis. Certain metals and

I ceramic materials are difficult to analyze for gas contents. Nitrogen
analysis is difficult in most metals by any method other than the
Kjeldahl. The first aim will be to establish a method of oxygen and
nitrogen analysis in ceramics and metals, and to correlate these results
with physical and mechanical properties. The authors are on ASTM
Committees and will be involved in round robin programs involving neutronj activation analytical procedures.

B. Lubricating oil, hydraulic oil, and greases w~ll be examined
quantitatively to determine accurately minute particles and how they
vary with time and tests. These analyses will be involved in programs

to investigate wear and to make correlation with a theoretical model

C. Trace quantities of materials in metals, due o diffusion, will be

investigated. This will be related with metal-to-metal wear.

Accomplishments.

A. Detailed plans have been made for setting up the site for the system
of equipment necessary to perform neutron activation analysis.

B. A survey of pertinent literature is underway.

Future Plans.

Purchase of the equipment is in progress. As soon as the equipment has
been delivered and installed, personnel will familiarize themselves with
the equipment and the first phase of the program will get underway.
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STUDY CF SaNTHETIC FIBER CLO.TH VARIABLES. ACCELERATED
WEATHERING VARIABLES AND THEIR INTERACTION

WARREN T. KELLY

The differences in degradation experienced with various fibers and
in atmospheric contaminants at various test locations, have prevented
complete agreement in magnitude of degradation or method of assessment
for weathering determinations. The deterioration produced by exposures
in moist humid air has always been reported as greater than tests in dry
air. However, tests performed on Aeronautical Materials Laboratory
accelerated weathering apparatus, to evaluate detericration of nylon cloths
exposed without the water spray operating, indicated greater deterioration
when moisture was omitted.

Objectiye.

The accelerated weathering equipment, while conforming to govermnment
and commercial test procedures, does not control adequaeely temperature
and humidity conditions or prevent contamination by materials in the
atmosphere. To determine if this anomaly is caused by operating conditions,
the equipment manufacturer is exposing specimens prepared from available
fabrics in a research type accelerated weathering apparatus. Analysis of
these preliminary samples may indicate that differences in expected
deterioration are due to nylon properties. Based on this analysis, the
investigation will be continued. Cloths specially prepared to control
significant variables will be used, and exposed in equipment that can
control all known variables to determine optimrm materials, test procedures,
and operation instructions for textiles for sea survival equipment.

Acz•ompli shments..

Test specimens for accelerated weathering exposure were prepared from
five nylon cloths of known history for six test conditions at Atlas
Electric Devices and three test conditions at the Aeronautical Materials
Laboratory. The pianned exposure at the Aeronautical Materials LaboratorTy-
"0ý hours of light with standard, continuous, and no water spray - has been
completed. One set has been exposed at Atlas Electric Devices aMd is being
returned for strength *,ests.

Upon c--ompletion of present exposure tests and analysis, the data wili
be reviewed and detailed plans developed. The approximate completion date
is i Jul.&T I -.

WN . .1
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HEAT TMANSFER AND SURFACE WEAR STUDIES ASSOCIATED WITH
FRICTION TYPE CLUTCH AND BRAKE ASSEMBLIES

S. BRITTINGHAM

BACKGROUND

Pressnt day and future high capacity cl and brake reouirements imposed
by 3mll Airfield Tactical Support (SAT. catapult systems make it neces-
sary to determine design criteria for development of reliable, long life
clutch and brake systems. It was concluded, from contacts with organiza-
tionr conrected directly with high capacity clutch and brake system design,
that empirical approaches are primarily being used in the design phase, and
that an anlytical approach is needed for future clutch and brake design
studies. Consequently, this study was initiated to develop a method of de-
termining thermodynamic, lubrication, and wear characteristics of friction
surfaces rubbing together; and to utilize the resulting methods as design
criteria for present day aircraft launching and arrerting systems, using
friction surfaces to translate or dissioate energy.

ODJEQ I VES

An electronic digital computer will be programmed to simulate conditions
anticipated at the surface of two unlike materials rubbing together and
generating heat, and studies made to determine the thermodynamic charac-
teristics at the surface and within the configuration selected. Computer
programs will be developed to analyze one, two, and three-dimensional con-
figurations; as progress is made, parameters such as lubrication and wear
will be added.

A one-dimensional configuration is used when the temperature gradient is
one-dimensional or can be represented as one-dimensional with insignifi-
cant error. The transient temperature can be determined for rubbing sur-
faces ard surfaces exposed to cooling media. Consequently, the one-
dimensional program can be used to approximate: (1) the surface tempera-
tures of dry clutch and brake systems; and (2) the temperature distributions
in lubricated or liquid-cooled configurations at regions remote from cool-
ing fluid grooves, where one-dimensional analysis applies.

The two-dimensional program is developed primarily to analyze coollng
fluid groove sirape and thin film cooling. The two-dimensional physical
model represent,% two rubbing surfaces with a network of cooling fluid
grooves. With -;his configurotion, the cooling fluid groove will be Varied
in size to determine an optimum cooling fluid area to bearing area ratio
and groove size

Finally, a three-dimensional configuration, incorporating the experience and
technique gained in one and two-dimensional analysis, will be developed to
analyse th.-mrodynamic characteristics, cooling fluid dynamics, wear pheno-
mena, and lubrication of rubbing surfaces. Emphesis is placed on clutch and
brake systems; howaver, the programs developed are applicable to any problem
area where surfaces rub or are exposed to cooling fluid.

- i -, -4-



The ultimate goals of this study are to:o

1. Provide design criteria to develop clutch and brake systems
applicable to the present day and future generation high-ýapacity aircraft
launcher and arresting systems.

2. Develop a method of predicting transient temierature distributions
at the surface and within two materials generating heat by rubbing together. I

3. Examine the mechanism of wear and develop a criteria for predicting
wear based on surface pressure, temperature, and relative motion of the bear- :1
ing or contacting surfaces.

4. Examine the effects of various cooling Rnd lubricating fluids and
cooling fluid groove design to establish an optimum confil7'iration for 'ini- I
mum war maximum cooling efficiency.

PROCEDURE

The difficulty anticipated in the solution of the three-dimensional wave

equation a

advocates the use of numerical methods of solution. Consequently, the
mathematical model or models used in this study consists of nodal networks
applicable to the forward difference numerical method, which reduces the
three-dimensional wave equation to the form

Where T1 is the temoerature of nodes adjacent to the orimary node T
and A a dimensional factor.

At nodal points representing surfaces adjacent to cooling media the
Nusselt relation

.9 .3

wIll be used. Howver, during the preliminary nhes of this investigat:on,
a constant Nusselt number and corresponding convection coefficient will be
used. The convection coefficient will be varied over a wide range of values
to determine the effect of this parameter on overall nerformance.

The unit nodal dimension is selected for proper subdivision of the cooling
fluid groove. The groove depth is divided into a number of ecual rart3 and
the length of one division is used as the unit dimension and thickness of
the two-dimensional physlcal model. The hys•ical model is subdivided into
cubic subvolumsd with the length of each side of the cubs ecual tc the unit
dimension. The physical oronerties of the unit cubes are considered cor-
centrated at the geometric center of the cubic subvolume, and each subvclume



or node is connected by a heat transmission oeth whose resistance to hest
flow is related to thermal conductivity k, area normal to flow direction A
and distance betwaen nodes L by the relation,

R = kA/L

The time increment over which thermal chenge occurs is rot an arbitrary
parameter and must be related to the nodal dimension such that rarticular
coefficients in the equations describing nodal temperatures are nositive or
sero. Consequently, the time increment selected must be comuted for each
unit nodal dimension used and is not an independent variable.

SUVARY OF PROGRESS

f A. Ozu-Dimnsaoml System

A preliminary investigation was conducted to determine the effect of
node sise variation and violation of the condition imposed by the Fourier
number. The transient temperature distributions were determired for a
one-dimensiorml system consisting of a thin 0.120 inch long ray of material
imbedded in a perfect insulatcr, and having a heat source at one end asJ shown by Figure 1.

To determine the effect of node size variation, the material ray shown
on Figure I is divided into ten and twenty subvolumes, and the transient
temperature distribution computed for each configuration. The temerature
distribution :fter .1 and .6 seconds with a constant heat inout of 1,036,000
BTU/hr/ft for nodal dimension of .0005 and .0010 feet are shown on Figure 1.
It is concluded from the results of this study that, in this case, node size
variation has insignificant effects on temperature distribution.

A study was conducted to determine the effect of exceeding the time
increment imposed on the vrogram by the Fourier modulus. For the configura-
tion shown a modulus of .5 or less was required. The temorature at node 1,
the suarface node, is computed as a function of time using moduli of .43,
.55 and .59 and slotted on Figure 2. The results indicate thet the Fourier
modulus restriction is a critical factor and care should be exercised in
studies of higher dimer!oton to ensure that the imposed conditions are
satisfied.

The one-dimensional program is expanded to arnlyze tw surfaces rubbing
together by adding, to the cxisting one-dimer-sional configuxration, a mirror
image ray of material with different ohysical nronerties, resulting in *he
conf•guration shown by Figure 3. Node I of the resulting configuration is
cow'osed of two different v; jlaas and a heat source. The heat rate his-
tory and corresnonding temnerature history are also shown on Figurre 3. The
transient temperature distribution as a functio:n of oeretration depth s
shown, by Figure 4.

From the results oresented, it is concluded thet the one-dimensioral
program for aralyling the thermodyrmmic characteristics of two surfaces is
comolete, and an attempt to correlate ca!•-ulated values with test data will
be Initipted as Drat of the next rhese of this study.
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B. Two-Dimensional SysteM

Since this study ws initiated nrimarily to analyze friction discs used
in high capacity clutch and brake designs. emphasis will be directed towrd
this area. A nrototyne of a tynical clutch or brake system, shown schema-
tically by Figurp 6, is available for testing, and a two-dimensional model
is constructed tn faeilitate analysis of this system. A section of tit
clutch nlate shown by Figure 7 is idealized on Figure 8, and the two-dimen-
sional physical model, shown by Figure 5, is taken from the shaded region
of Figure 8.

Early in the two-dimensional programming phase, it ws found advan-
tageous to construct the mathenutical model in a one and two-dimensional
array. The one-dimensional array is used to describe the thermodynamic
characteristics of the surface that is in motion relative to the cooling
fluid grooves. By virtue of this motion the nodal position is continually
changing, and an averaging process is indicated for analysis of tempera-
ture distribution associated with the moving surface. To this end, the
temperature of all nodes in the rL-l layer, shown by Figure 9, are computed
with the two-dimensional array then averaged. The average temperature is
then used as the temperature of the first node in the one-dimensional array.

For a complete analysis of the two-dimenslonal system the IBM 1620
scientific computer is impractical and a computer with larger core capacity
must be used. A limited version of the two-dimensional program was ana-
lyzed with the 1620 computer and found to be in working order. Conversion
of the program for the larger computer is readily accomolished and will be
completed in the near future.

C. Three-Dimensional System

The three-dimensional program is an extension of the two-dimensional
program. Development of the three-dimensional program will be in -tepa of
increasing flexibility and complexity. The first three-dimensional program
will be designed to determine the transient temperature distribution, using
a constant Nusselt number at the fluid boundries. A second vrogram will
add to the above analysis the effects of fluid dynamics and groove design.
Finally, the mechanism of war will be Aincluded in the final analysis, and
the analytical results of all parameters compared with empirical re-u'Lt,.

The three-dimensional program is in the rreliminary development hrase
and completion of the oreliminary program is related to progress of the
two-dimensional program results.

The problem of relative motion between the steel and grooved bronze
discs is present in the three-dimensional case, and a method must be de-
veloped to include relative motion as was done in the two-dimensional case.
To this end, the physical three-dimensional mathematical model is divided
into a one, two and three-dimensional array as shown by Figure 10. The K
layer notion used in the two-Jimenseonal model, shown by Figure 9, is used
to describe nodal locations ir horizontal planes. Each layer is then

- •Y- -- - - ._ • _ . I •II... . . . . . - . .i. I _ --.. - -- " - ]- ' - i - "



,jI V1j•uj in it-c ,-'r, i rz v tri x of" I by J subd i vi ions , anM the -a'•r e" -re
tiereby reduced to a network of cubic subvolumes which are readily relucec
to a three-dimenslonal nodal network. Individual nodal temperatures are
described with the three-dimensional matrix notation T(i,J,Y),

The temverature of the moving, surface is computed by combining the
Kl.+l layer witi the three-dimensional array and using standard three-
dImensionil methods. The temneratures of the vIA÷1 layer r-e then averaged,
and the1 averave temnernture is used as the te-nerature of the first node of
a one-dinersicnal array.

D. Wear

When considerqtion is ryivcn to surface roup, hr!qss on a microsco,-ir level,
the material surface is not well defined. The surface is comnosed of q

large number of asnerities or Protuberances, and the actual surface beariry,
area ranges from zero to the annarent area as rressure is annlied. `hysa-
cally, only a small area is on contact and considerable localized oressure
is anticloated. It Is theorized that the bearing asperities are, lastically
deformed and are free to move on surface without apparent damage. This
asperity motion could nossibly be used to describe frJction, and when an
adecuate theory is develoned irrormation available on friction forces could
be used to substantiate the theory. The results of a library search leads
to the conclusion that a statistical annroacn would best be suited to des-
cribe wear baed on asnerities.

E. Future Plans

]. Comniete two-dimensional heat transfer nrogram.

2. Deveion three-dimensioral heat transfer program.

3. Incornorate lubrication And var theory in three-dimnslonal heat
transfer program.

4. Undertake onti'naticn •tud~es (aF notel hcreir' cf clutch FIOn ý'rg'e
conf•igurationo

M_- -





DYNAMIC SYSTEMS BEHAVIOR DURING CATAPULT OPERATION

N. GOODIS

BACKGROUND.

The need to define accurately the performance of newer
generation catapults requires improved theoretical and quan-
titative definitions of the complex dynamic behavior of aircraft
cmused by interaction of aircraft with the launcher, matting,
and soil subgrade. Soil and matting elastic and roughness
characteristics, interacting with aircraft and catapult tow
force hiszories, produce complex aircraft dynamic behavior,
which must be described accurately to define structural and
stability characteristics of aircraft during launch. To obtain
the optimum catapult design, a mathematical theory of interaction
b,. een the aircraft ard soil matting combination must be dev-
eloped "n define quantitative effects of the soil matting inter-
act n on aircraft stability and structure.

ThL "athematical theory will apply also to less complex
sitiations involving aircraft and soil matting interaction
without the catapult, under taxiing and take-off conditions.

OBJECTIVE.

Once the basic motion equations of a complex dynamic system
are determined, along with their auxiliary kinematic and
coupling equations which would allow dynamic interaction and
geometric coupling, the question of method of mathematical
solution and numerical methods in computer programming is of
utmost importance. Previously, dynamic systems have been of
moderate complexity or purpesefully simplified, and selection
mathematical and computer methods was not overly difficult.
These systems, by nature of their mathematical solution, were n.,t
capable of higher mode vibrations, so that inefficiencies in
numeriLal methods were -not detrimental to the computer solution
time for a prescribed accuracy. The systesswere, in general, of
a low frequency nature and dynamically uncoupled so that they
could be treated as isolated events. When existing numeri..al
methods are applied to A complex dynamic rystem and approximate
solution time extrapolated, it becomes evident that method
4-nefficiencies not only account for hours of additional computa-
tion time and undue cost but alio produce mathematical insta-
bilities that iavalidate the solution.

It is unlikeAy that a general method of solution can be
found for complex dyn-kmic system" that would fulfill the
requirements of optimizgd computer solution tiae and accuracy.
It is necessary, therefore, to astablish separate solution
methods for individual components, and modify these methods to
account for dynamic coupling. The general scheme 16 solution



of representative sections of the system that reflect dis-
tinctive dynamic characteristics by applying selected mathe-
matical and computer methods that will allow immediate optimi-
zation of computer solution time and accuracy. It is doubtful
that the "best" method can be found after a brief study; how-
ever, a siginificant achievement would be to develop a feasible
method that would allow complex dynamic system investigation
while constant improvement of mathematical and computer methods
is attempted.

Capabilities and techniques developed in this research effort
would greatly advance the stability and structural understanding
for both shipboard and land-based launch operations. Practical
application of these knowledges would permit:

a. Definition of safet launch operations for both stability
and structural considerations.

b. Redesign and improvement of existing launch systems to
improve both characteristic features.

c. Develop criteria for needs of refurbishing launch sites
and matting installation.

d. Auxiliary studies to describe instrumentation behavior
on the aircraft to properly correlate test results with theory.

e. Aircraft ground matting phenomena interaction studies
to provide an improved definition ofiesent pbwer spectrum anal-
ysis techniques.

ACCOMPLISHIMATS.

The study was conducted in the following phases:

(1) literature search and error study;

(2) synthesis of theory;

(3) development of computer numerical methods and
programs; and

(4' correlation of mathematical model performance with
test and 4&D catapult performance.

1. .Literature Search and Error Study.

a. Literature Search. The literature search revealed that
the "State of the Art" or numerical analysis is at a saturated
level; in that the new advances in the field are actually sophis-
tications and combinations of previously established methods.
A large proportion of the work of interest has been solution of
differential equations by approximate numerical methods and tab-
ulation of results for accuracy and stability. The differential



1

equations investigated were linear with constant coefficients
and therefore capable of integration in closed form. Exact
mathematical solutions were used for comparative purposes.
While this work is useful from an academic viewpoint, the
complex dynamic system under consideration cannot be defined
in this manner.

It is unfortunate that the formal mathematical methods
presented in the literature, mask understanding of the physical
problem needed to allow anticipation of system complexities
and subsequent effects. The matrix technique of solution of
dynamic system equations typifies this by obscuring the physical
problem in influence or elastic coefficients While numerical
solution is important, an equally important aspect is the
"insight" into the mechanism of the problem.

The computer techniques developed in the literature
are direct translations of the methods of numerical analysis
into efficient computer language. While some programming
techniques may be useful, the existing computer programs cannot
be used for the reasons stated above. It is necessary, there-
fore, to use the literature as a loose guide and to establish
independent methods for mathematical solution and computer
programming.

b. Error Study. The criteria for selection of the best
method f Tor soFVng this complex dynamic system is optimization
of computer solution time and accuracy. Secondary consideration
is given to adjusting methematical methods t! computer storage
capacity.

The dynamic system under consideration is defined by
second degree non-linear, ordinary or partial differential
equations with variable coefficients. Because equations of
this type cannot be integrated in closed form, an exact mathe-
matical solution cannot be obtained. It is necessary, therefore,
to generate an "exact" solution that can be used to judge the
accuracy of the solutions obtained from the mathematical methods
to be developed.

The "exact" solution generated must have a minimum
error. Literature shows that error criteria is lacking Jn theory
and error type magnitudes can be misleading in that they vary
for the type of problem evaluated and the computer used.

Errors are classified into three categories:

(1) truncation

(2) round off

(3) inhores1t



t.

Truncation error is usually expressed as a factor
of the function, and Is the magnitude of the highest order
term neglected.

Round off error is associated with the last significant
digit that is retained by the computer. It is impossible to
determine the magnitude of this error by deterministic means,
the only solution being of a statistical nature.

Inherent error is a combination of error generation
by the process ltseir or the function. The process generates
errors due to previous erroneous informat±on which is used to
predict new information. This is analogous to electrical feed-
back. The function will generate errors due to non-analyticalpoints (Ex. coulomb friction).

Since the round off and inherent error are elusive in
their evaluation, it seems safest to generate an "exact" solu-
tion on the basis of the truncation error only.

The Taylor series is selected for this purpose since
its accuracy in the neighborhood of the origin is determinable.
It has the general form:

f(a + x) - Aa) + (x - a) fl (a) ap f,.2 ft ... (x -am fm

The last term omitted in the series will be classified
as the truncation error. Since the origin may be shifted from
interval to interval, as (x - a) approaches zero for a given
number of series terms, a mean deviation or change in the system
should approach zero also.

2. Synthesis of Theory.

a. Dynamic System Model. The general method of solving 1
the dynamic equato ns wnicnescribe an aircraft and associated
launching equipment, is applied to both shipboard and shore-
based systems, when applicable components are selected for I
system analysis. To define adequately a system and its inter-
acting dynamic characteristics, each component must be modeled
in a sufficient degree of freeuim to produce accurate response
to parametric influence. A generalized dynamic system model
will be composed of the following components:

(1) Dynamic model of aircraft in six degrees of freedom;
pitch, roll, yaw, laterial, longitudinal and vertical motions.

(2) Dynamic model of launching dolly in fivre degrees of
freedom; same as aircraft with omission of roll motion. 6

(3) Dynamic model of matting-soil system.
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(4) Dynamic model of catapult with multi-degree of
freedom cable dynamics.

The above components would be dynamically interrelated
to proauce singular or resonant type dynamic histories.

b. Classification of Dynamic System Cow-nents. As a
model of all system components would be unnecessary for an
initial system dynamic analysis, only those components con-
tributing principally to the high and low frequency dynamics
were selected for model synthesis. This model, composed of
these principal components, is adequate for proper system
mathematical definition and development of numerical methods
for use in programming. When the feasibility of this analysis
scheme is demonstrated, the complete system model will be
developed.

The frequency spectrum is divided into high and low
bands. The high band includes the bridle and holdback members
of the aircraft attachment system, matting-soil system, tow'I cable system, instrumentation (accelerometers), and aircraft
landing gear systems. The low band includes the catapult

ii system and the aircraft system.

(1) Low Frequency Components. These system components

may be sub-divided into two categories exhibiting distinctive
II characteristics:

(a) Corrective Dynamics. Here, there is a dynamic
I motion that exhibits a corrective nature resulting from a pre-

dictable process. This is accomplished by a low estimation at
a dynamic interval, which in turn produces a higher estimation

*I at the following interval and vice versa. This results in the
following type curve:

(b) Non-Corrective Dynamics. Here, there is a
dynamic motion that exhlbits divergent characteristics resulting
from an unstable analytical solution. The error generated is
accumulative, and the deviation increases with solution time.

I
I - 9



This divergent system is typified by the
aircraft in yaw, which is influenced by lateral tire force
of a non-linear nature.

(2) High Frequency Components. These system
components may also be sub-divided into two categories exhibiting
distinctive characteristics:

(a) Distributed Mass. This is characterized by
the tow cable system. Since't ecable media can be excited by
a high frequency component, the frequency response must be
allowed for analytically. This can be accomplished by a dis-
tributed mass technique in which the inertial characteristics of
the system is maintained.

(b) Lumped Mass. The characteristics of these
systems are low inertia and high frequency. While the inertial
characteristic can be adequately described by the consideration
of concentration or omission, special methods must be used to
preserve the vibrational integrity. These systems are typically
classified by the bridle and holdback members of the aircraft,
aircraft landing gears, and matting-soil systems.

3. Deveiopment of Computer Numerical Methods and Programs.

a. Numerical Methods. Solution of the general equations of
motion whicn take tWe forE of second order non-linear differential
equations, is classified typically as an initial value problem.
This type problem can generally be solved by two numerical methods-

(1) Generation of a mathematical series that describes
the dynamic process. By direct substitution at suitable inter-
vais, a 5 'e history evolves. This is of the form y - a + bx +
cx + dx +. ..... This is a complete polynomial approximation
and is valid for dynamic systems of small displacement only.

(2) Prediction of unknown dynamic points by polynomial
approximation through known pivotal values.

I" (Given x1 , t); (x 2 , t 2 )

___ Solutioi, (x 3 , t3)



Relation of the variations and modifications of these
two basic methods is beyond the scope of this project.
However, a basic method is used with deviations as necessary
to satisfy the characteristics of each particular problem.

The initial series of numerical methods investigated fall
in the category of function approximation. A function can be
appreximated by passing a polynomial through known pivotal
points. The future value is assumed to lie on the curve
generated by the previous values of the function. Subsequent
integration is performed in accordance with the degree of
the function assumed. The integration error will depend upon
the deviation of the polynomial approximation from the true
function for the finite time differential.

Polynr lals of degrees one to three were considered for
function gneration. The functions operated on are the
first and second derivatives with respect to time, velocity,
and acceleration.

For a general nth degree polynomial (n + 1), pivotal
points must be known to predict a future value. The values
for formulas below are for equally spaced intervals. The
predicted values for the polynomials are in general form:

n- degree of polynomial

Yn + 2 - Ayn + 1 + Yn + Cyn - 1 + Dyn - 2

Polynomial
Degree A B C D

I6 2 -1 0 0

2" 3 -3 1 0

3" 4 -6 4 -1

The subsequent integration is of the general form:

Yn + 2 Yn + 1 + t (A yln + 2 + By1 , + I + CyIn + Dy ln



Polynomial

Degree A B C D

10 1/2 1/2 0 0

20 5/12 8/12 -1/12 0

30 9/24 19/24 -5/24 1/24

A general type sub-program was devised which allowed for
maximum flexibility in polynomial approximation. The program
permits selection of derivative order to be extrapolated, and
also selection of the polynomial degree. Initial pivotal
points for the polynomial approximation are controlled by an
iterative process. Their exactness is controlled by either
a tolerance on the function itself or a predetermined number
of iterations.

b. Programs.

(1) Generalized Aircraft Description Program.

(a) Pitch Plane. The aircraft is described in
two rigid modes - vertIcal translation and rotation. The
airframe is considereA to be rigid. The landing gears are
treated as standard oleo pneumatic shock struts. The dynamic
analysis considers hydraulic friction forces, which can be
adequately represented by a non-linjar dashpot, non-linear
spring, and coulomb damping. The unsprung mass represents the
strut and tire-axle assembly. The tire deflections are repre-
sented by a non-linear spring constant. This complete assembly
is elastically connected to a rigid air frame coupled by a
linear spring constant.

kI1  Structural spring constant

ck2  oleo spring constant

MI c oleo viscous damping

f coulomb damping

C MI oleo housing mass

R2 unsprung mass (oleo, tire
wheel)

M2k3 tire spring constant
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This representation is adequate to describe
dynamic actions that result from forcing functions produced
by surface roughness of a static or dynamic nature.

The generalized aircraft pitch motion was
programmed for a digital computer and preliminary series of
computer studies were initiated. An aircraft in launch was
exposed to surface conditions at zero roughness, and also to
a measured survey roughness that was favorable utilizing the
criteria of the power spectra method. Thesa computer studies
showed no adverse results, and the gear motions and pitch
angle of attack were not excessive. A typical result is
shown in Figure 1.

To investigate more intensified dynamic
landing gear action and also stability of computer techniqup
and mathematical stability, a ten foot wave length of two
inch amplitude was imposed during the aircraft launch. The
results are shown in Figure 2. A quasi-dynamic matting-soil
system was used in the above analysis to account for load
deflection characteristics.

The generalized sub-program of integration
technique has been written and programmed for this section
of the system, and investigations are being made concerning
the stability and accuracy of the highly vibrating landing
gear system.

(b) Yaw Plane. Initial studies, utilizing
mathematical metho-s descried, were applied to the aircraft
model in a yaw plane. This system, under the environment of
a vibratory landing gear load history, produces a resonant
type instability or escalating yaw angle history. This
system is further complicated by a non-corrective integration
characteristic which accumulates the error of integration.

This characteristic can be seen in Figure 3,
Curve B, which exhibits a rapid rate of yaw angle escalation.
Utilizing a polynomial approximation under the same time
differential, and the same computational time, curve A was
generated. The dynamic values agree to within 6 significant
figures with results obtained utilizing the method that was
used to generate curve A, but with a time interval reduction
of 1/100. The final result was a six significant figure
accuracy with a computational time reduction of approximately
20 to 1.

Since the yaw studied was a duplication of
an actbal launch, a small initial displacement angle was
imposed. In order to verify the numerical techniques, a
series of compu.er studies were made with an initial dis-
placement angle of 10 degrees which would correspond to a
large displacement system. Comparative results were obtained
for solution time and accuracy.

- _ _ _ -I0 -



(2) "dditional Progl:ams.

Dynamic coupling of the aircraft in the pitch
and yaw planes of mntion are being programmed for a digital
computer. This coupling is achieved by a series of sub-
programs with control options that would allow a mode to be
either coupled or uncoupled. Additional flexibility is
achieved by the predetermined selection of mathematical
technique for each characteristic dynamic member oi the com-
posite system.

Invostigations into computer techniques were
made for the tow cable system. Utilizing previous work that
allows for mass distribution criteria, a series of computer
studies were made with techniques that minimized errors in
significant digit arithmetic. A satisfactory method of
solution was obtained that allowed for minimum error and
mathematical stabili-t of the system. The criteria for mass
distribution was rivei.fied.

FUTURE PLAt4NING.

1. Nu'_cic~l_ ethkos. Further investigation of the stability
of i'hM-,gratidn afif timization of solution time-accuracy will
be r,'de, utilizing. ther numerical methods which can be class-
Ti ?d as

a Semi- 4 terative - predictor-corrector.

b, Its.,-%cive.

c. Furiction prediction utilizing a prior error history.

2. Synthesis of Complete Launch System. Each dynamic
component of the system will Dbt deve-oped a4d programmed for
a digital computer. The system will be flexible in that any
combination can be dynamically coupled. Each section will
operate independently with respect to its most efficient
solution technique.

3. Computer Technique. Development of computer techniques
needed for'e fficent and flexible operation of programmed
components.

4. Matting-Soil System.

a. Synthesis of dynamic model utilizing wave form genera-
tion,

b. Investigation of pzrametric effcts of:

(1) Soil variations.

(2) Water leakage.
- 0')-



(3) Soil erosion or digeneration.

(4) Runway roughness variations.

5. Cable dynamics studies into non-linear damping and
elasticity characteristics

6. Correlation of mathematical modei to test results.

7. Continued effort to accomplish previously specified
objectives.



MISSILE LAUNCHING CONCEPTS FOR DEEP DEPTH OPERATIONS

E. T. BUTKIEWICZ

BACKGROUND.

The participation of the Naval Air Engineering Laboratory (SI)
(NAEL(SI)) in the Advanced Sea-Based Deterrence (ASBD) L'7ng
Range program has been documented in publications (references
I thru 7) encompassing the four year period from 1960 to 1964.
Authorization has been under reference (8) up to the 1964 Summer
Study Prograa (Project SEABED), as convened during June-July 1964
at the U. S. Naval Postgraduate School, Mnterey, California.
The NAEL(SI) efforts were directed toward obtaining as much timely
information as possible to provide the Study Group with technical
inputs for ASBD missile launching systems evaluation. At this
point, NAEL(SI) tasks were terminated.

In an attempt to bridge the remaining gaps, this project has been
initiated under the Fo. 'idational Research Program. Phaso I of
this effort, as reported here in a preliminary manner, involves
(1) the investigation of current literature to determine the
leasibility of pursuit (FOP), and (2) the formulation of program
objectives to be fulfilled withi.ý the Phaco II time frame.

OBJECTIVES.

1. To determine the FOP of missile launching systems concepts
for future sea-based deterrence operations, by means of a con-
tinuing literature search.

2. To formulzte the program objectives to be considered within
the next phase of effort.

3. To establish the tentative implementation plan for the con-
duct of research for the development of caputer technic os.

4. To review the program status and overall data completeness
to determine remaining gaps and avoid duplication of effort.

ACCOMMP ISHMENT S.

The pioneering literature search efforts well underway prior to
the k•onstruction of a realistic feasibility study in unquestion-
ably extensive. k bioad base has been laid during the past five
years in an attempt to encompass all technological inputs directed
toward defining the 1970-era ASBD Weapons Complex. As a result,
over 1,000 reports, proposals, etc. have emanated from both
private industry and Government activ~ties. Within this period,
the sifting process of several of these publications has been
conducted in an attempt to determine the overall program status
and data completeness so that the FOP of this program may be
estabiished.



In this sifting process of ASBD literature, several noteworthy
aspects stand out. Of the studies conducted elsewhere within
the area of ASBD missile launching systems, the relationship to
previous NAEL(SI) investigations does exist; however, the ana-
lytical approach relationship is not evident. The primary
reason for this omission appears to lie in the intended applica-
tion of these ASBD concepts. Significant departure from the
analytical techniques, therefore, as to be adapted under this
phase of effort, is possible. As a result, the data obtained
from these other studies (for example, solid propellant density,
molecular weight, burning rate exponents, etc.) may be applied
as inputs to the computer programs to be initiated during the
next phase of effort.

The ASBD missile launching ccncept converged upon at NAEL(SI)
up to the 1964 Summer Study Program (Project SEABED) is termed
the Hybrid Powered Flotation and Solid Propellant Launcher Con-
cept (Variant D). This concept (references 4 and 6) could not
be treated in the detail of some of the other concepts in time
for Project SEABED; however, in comparing the launcher power-
plant sizing characteristics for this concept, significant
distinguishing features were readily seen. Continued exploita-
tion of this concept for detailed evaluation is necessary to
determine its relative "worth", limitations, sensitivity, etc.,
as a candidate missile launching concept for deep depth (6,000-
20,000 ft.) operations.

As indicated in references 9 and 10, hybrid missile launching
concepts as considered comprise the basic configuration utilizing
the secondary injection of a liquid monopropellant in the launch
cycle. The combined flotation/solid propellant system as envis-
aged here has not been revealed through this literature search
thus far. Direct contact with several of the key participating
activities would provide additional insight into the methodology
adopted there during their course of study, so that technical
inputs may be derived and updated information obtained. There
are many promising directions, and the logical cyclic spin-off
will evolve during the next phase of effort,

FUTURE PLANS.

The following plan defines and describes the logical implementa-
tion envisaged under the Foundational Research Program to be con-
ducted during the period from 1 July 1965 to 30 June 1967:

1. To explore the literature constantly to determine current
state of the art developments for solid propellants and collateral
studies relevant to advanced under-sea missile launching concepts.

2. To exercise the exieting Solid Propellant Gas Generator and
Flotation computer programs with updated inputs. An estimated
total of six (6) computer programs is involved.



3. To revise and execute the "Theoretical Launch Performance"
Solid Propellant Gas Generator (G.G. Mod -6K) computer program
by incorporating a non-iterative analytical technique. This
revision will result in generating a new computer program capable
of faster computer running time, and will serve as the guideline
in the analytical approach for the solid propellant performance
portion of the Variant "D" hybrid missile launching concept.

4. To contact the pertinent participating Sovernment and con-
tractor activities through short visits as necessary to obtain
definitive inputs, such as capsule/missile weights, solid pro-
pellant density, molecular weight, burning rate characteristics,
etc., to execute the mathematical model computer programs.

5. To incorporate the necessary additions and conversions to
the key computer programE so that compilation and execution may
be performed on the faster, larger-capacity computer equipment
available at commercial data centers on a rental basis.

6. To document the computer programa to systemize the orderly
flow of analytical effort to be *pplied in the next stage of
program development.

7. To develop the analytical techniques directed towrd develop-
ing the computer programs for the theoretical evaluation of the
Variant "D" hybrid ASBD missile launching concept.

8. To exercise this newly developed program with specific inputs
to arrive at the theoretical launch history profile. With defin-
itive inputs, a thorough, detailed evaluation resulting lhbthe
measurement of the relptive "worth" of this concept in comparison
to other candidates may be derived.

It should be noted that the above merely provides the preliminary
planning for this task in order to establish some procedural
criteria, and it is possible that sharp deviations therefrom may
evolve during the course of the study as a result of the &any
considerations involved. As a result, recommendations for program
aegmentation into other fundee programs to provide additional
study requirements may be specified.
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HYDROGEN EXBRITTLEMENT OF METALS AND ALLOYS

WALTER BECK AND EDWARD J. JANKOWSKY

Background.

During the past ten years, many reports on hydrogen embrittlement ha•,e
been published, including several generated from the work conducted at
the Aeronautical Materials Laboratory. These reports have dealt with
the mechanism, testing, alleviation, and generation of hydrogen
embrittlement induced in metals by a variety of procedures. Their
content is frequently confusing and attempts to gather the information
together },ave been very limited in scope. A book in which the useful
procedures are separated from the ineffective, a critical analysis made
of the various suggested mechanisms, and all the practical aspects of
testing for and minimizing hydrogen embrittlement are set forth, would
be of great value to materials engineers, aircraft designers, corrosion
engineers, and metallurgists.

b

Objective.

The objective of this project is to review all the reports on hydrogen
embrittlement published during the past ten years and present the
information in the form of a book.

Accomplshments and Future Plans.

The project was started in June 1965. All the reports, papers, and
L her publications on hydrogen embritt lement are being gathered together
and craloged for future reference. Work on the section on testing
procedures will begin immediately after the cataloging is complete.


